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FOREWORD

This report presents the results of a study of spacecraft on-orbit
anomalies and lifetimes. The basic source of information is an update of a
data bank of on-orbit spacecraft reliability data compiled by Planning Research
Corporation (PRC) for the National Aeronautics and Space Administration and the
Navy Space Systems Activity in a series of short term contracts starting in
1966. The update covers spacecraft operating since 1977 under the cognizance
of the Goddard Space Flight Center and the Jet Propulsion Laboratory.
Emphasis in this study is on individual spacecraft and their postlaunch
performance degradation over time as a function of component failures and
other incidents of anomalous behavior. By contrast, earlier studies in this
series concentrated on compiling reliability statistics for hardware elements
across spacecraft,

The NASA Technical Monitor for this study was Mr. Edward Shockey
of the Goddard Space Flight Center, Code 302. The work was performed during
the period June 1982 through January 1983,.under NASA Contract NAS 5-27279.

The authors of this report are Charles E. Boomquist and
Winifred C. Graham., Other members of the PRC study team were Patricia Alverson
and Vera Little. Library assistance was provided by Wendy Christensen and

report production support by Brenda Healy.
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ABSTRACT

Analyses of the on-orbit performance cf forty-four unmanned

NASA spacecraft operating in the past five years (1977-1982) are presented.
Included are detailed descriptions and classifications of over 600
anomalies - each anomalous incident represents one reported deviation

from expected spacecraft performance. Charts depicting satellite life-
times and the performance of their major subsystems are included.
Engineering analyses to further investigate the kinds and frequencies

of various classes of anomalies have been conducted. An improved method
for charting spacecraft capabilty as a function of time on orbit is

explored.
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I. 1INTRODUCTION

This study has examined the orbital performance records of
forty-four unmanned spacecraft under the cognizance of the Goddard Space
Flight Ceater and the Jet Propulsion Laboratory. Particular attention
has been given to each recorded incident of anomalous behavior. These
incidents, referred to herein as anomalies, range from momentary "glitches”
in otherwise normal spacecraft operation to complete gspacecraft failure.
The basic data have been collected, reduced, analyzed and reported in
formats consistent with those in the existing data bank, developed by
Planning Research Corporation (PRC). There earlier data were collected on

350 spacecraft under several discrete contracts awarded to PRC between

1966 and 1979,

A, Study Objectives and Scope

One of NASA's primary concerns is to improve the performance
of its spacecraft, both manned and unmanned. FPor unmanned spacecraft,
longevity is a key parameter. Generic approaches to improving longevity
are of continuing interest to NASA; the search for such approaches is the
aotivation for this study. There are two study objectives. The first is
to establish a current data base of on-orbit spacecraft anomalies and per-
formance summaries following previous PRC work in this area but extending
it somevhat to support the second study objective. The second objective
is to develop a method for quantifying spacecraft performance as a function
of time on orbit which extends and improves upon an existing methodology,

previously developed by PRC and applied to other spacecraft {n the data bank.




Augmentation of the data base is limited to spacecraft launched
under the auspices of the Goddard Space Flight Ceater (GSFC) or the Jet
Propulsion Laboratory (JPL) and which have been operational since the last

general update of the space data bank in 1977-1978.

B. lackground

The first 15 references at the end of this report trace the
complilation and utilization of the PRC data bank. Reference 1 wvas the
result of an initial study undertaken in 1966 to respond to the need for
more accurate and detailed spacecraft reliability data than were availabdble
i{n the mid-sixties. On-orbit data from 225 spacecraft were compiled and
analyzed. The resultant report was well received and widely distributed,
Subsequently, several specific analyses of these data were conducted and
reported on (see References 2-6). Reference 7 was an extensive update of
Reference 1; the size of the data base essentially doubled. Reference 9
added still more data resulting from a modest collection effort in 1972,
References 8 and 0 through 14 reported on various special-purpose analyses
of the data bank. Reference !5 reported on another comprehensive update
and consolidation of the data bank conducted in 1978. At the conclusion
of that study, the PRC data bank included on-orbit performance data on
some 350 different spacecraft. All basic spacecraft data collected from
the beginning of these efforts were included in the Reference 15 study
report. Reference 16 analyzed and interpreted orbital reliability data

for U.S. meteorological satellites in the data bank.
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Organization of the Report

Section II briefly describes the data base and the updating of
it for purposes of this study. It includes a description of collection
and reduction procedures and baseline data on all spacecraft included in
the update. Section III classifies the anomaly cdata. First, the categories
established in the earlier efforts are utilized. They are reported
separately for purposes of consistency. Then, added classifications
developed specifically for this study are applied and reported. Section
IV presents performance summaries by spacecraft and by major subsystems,
It also provides engineering analyses of the anomaly data regarding
trends, persistent problem areas, test-related anomaiies and other areas
of interest. Section V treats the question of measuring on-orbit space-
craft capability over time. It tincludes consideration of the effect of
anomalies on (1) the basic spacecraft, (2) its scientific or applications
payload, and (3) its overall mission objectives. A methodology for
possible future application is su;gested. Three appendices provide (1)
an indication of the adequacy of the data base coverage for this update,
(2) basic anomaly data tabulations including anomaly codes for purposes
of classification, and (3) detailed spacecraft and subsystem performance

summaries in graphical form.
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II. DATA BASE

This report documents a continuing examination of spacecraft
on-orbit reliability that PRC began in 1966. Four earlier studies collected
and analyzed data on 350 spacecraft from 52 space programs. Results from
these four studies are integrated and reported in Reference 15.

This present study is a contractually limited update to Reference
15. It covers only GSFC and JPL spacecraft which were operational between
1977 and 1982. Several of the analyses integral to the earlier studies are
missing here, notably those relating to failure rates and probabilities of
failure during launch. Furthermore, no systematic effort has been devoted
to reporting the total’ty of the earlier data here or to relating the
earlier study results to those found in this update. Selected comparisons
have been made, but if the reader is interested in the entire collection of
data and information contained in the PRC space data bank it is necessary to

have both Reference 15 and this report.

A. General

In addition to the published reports, an unpublished file of engineering
analysis repcrts (EARs) are maintained for each spacecraft in the data base.
The ERAs are maintained at NASA and at PRC.(l)

The EARs are the basic data collection. They contain:

° General descriptive and operational data on each spacecraft.

o A detailed breakdown of the spacecraft assemblies, components,

and piece parts.

(1)The NASA contact is Edward Shockey, GSFC Code 302, Telephone (301)
344-5628. The PRC contact is Charles Bloomquist, PRC Systems Services,
10960 Wilshire Boulevard, Suite 2320, Los Angeles, California 90024.
Telephone (213) 477-8278.

5
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° Operating (and dormant) time accumulated by each hardware

element.

° Descriptions of all sanomalies and failures recorded against

the spacecraft, together with information on the known or
probable causes of many anomalies.

° Background information regarding manufacture, test, and launch.

The inforwation contained in each EAR, as summarized above, is
organized into three categories, namely, (1) general information, (2) reliability
data, and (3) development and prelaunch information. General information includes
launch data, launch vehicle, launch site, iatended mission, orbital parameters,
spacecraft description, and a general performance assessment over the time
period covered by the data bank.

The reliability data elements, to the extent possible, break the
spacecraft down into its major components (receivers, tape recorders, digital
decoders, etc.), accumulate the survival hours in space for each (including
length of time on standby and number of times cycled),give in a further
breakdown the piece parts in each component, and finally, provide a rather

detailed description of each anomaly recorded during the mission.

Development and prelaunch inormation includes, as available,
the prelaunch test and checkout routines end experiénce, and brief
descriptions of developmental testing, part selection procedures, and
quality assurance provisions.

The subject study is an exception in that it correlates specific
anomalies with particular spacecraft; previously published reports an.
papers do not. This correlation is always possible, however, by returning

to the EARs.
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The same data collection and reduction procedures and reporting
formats are used in each study, including the current one. This uniformity
allows ready combination of the data herein with any or all of the previous

data sets.

B. Update For This Study

Exhibit 1 depicts the five on-orbit reliability studies, including
the current one, in terms of the programs and numbers of spacecraft considered.
This update includes 44 spacecraft from 19 programs. Nineteen of these
spacecraft were covered in the previous study and continued to operate into
this study period. As mentioned previously, access to the total data base
(62 programs, 375 spacecraft) requires both this document and Reference 15
since previous data are not, for the most part, repeated here.

As in the previous studies, the basic data sources were the
Product Assurance Divisions at the NASA Centers (GSFC and JPL in this
study), cognizant spacecraft program offices, and open literature.1 of
particular help in this update were the Mission Operations Managers for the
various Goddard programs.

Tne two major types of data sought for this study, as in earlier
studies, are: (1) an engineering report of the final design of the space-
craft, and (2) a flight analysis for individual spacecraft from which
operating histories and all known anomalous behaviors can be obtained.

From this information Engineering Analysis Reports (EARs) are generated for
each spacecraft. The EAR is tailored to provide the information content
required to meet the study objectives and provides a uniform base for each

spacecraft of the study.

1The EARs contain a complete list of references used, by spacecraft. The

number of citations for this update is in excess of 250,

7

N N L i o e e e Py




3

4

W *513puUR] 7 pu¥ $1311Q4() 2 Sapniduj we1Boig BuINIA (2)
*53JPNIE YUBG LIEP SNOJAAIY U] PIZATBUR 1}¥1038ds Jo (€)d1wpdn 8pn{IUL (1)

. 31jR10300dg AaN 9
wsagoad AIN |
1je2290wds 62
swsi¥o14 g :1V10l1

pox 1 (1) I
: L (1) oso
. < (1) 020
& 1 (1) ovo
" o € SOLI/VYVON
, L. .. z (1) SnEWIN
| . € (1) i1
: s 9 (1) soL/vss3 1jvadawds 77
s ETLZETE LS wrivaiesq sweilold z¢ VIO
m.. *ee JO laquny wwi180.g 9 o1
, - L4 pawnSuwyp
. 3 (6 SWTETH) 330530 7161 n 90 19380-1ISNVIL
L & T ovviL
: ] SO¥IL
N 19318131
[ wodukg
33R10300dg AN 09 1J930908dg AR 6( 1 vcwdow @
3jv13950ds Ay 27 wm18014 A Q1 swviso1d Ay 6 1 uou- Mem
smeil014 ey 01 2jea299edg Gy 3jvad90eds 9g 4 mu *S
3j91d000dg vy sweadolg 07  1VIOL swvi8014 07 :TViIOL M -o-wuu
eweifold 61 iTVIOL v (z) Suraia " (1) *19 t 1seu01d
”, 4 WAIVAOA 1 SSS 4 pwatos € 1-A
| 1] (Z) ‘(1) oNINIA 1 (1) peiyog 1 v € 0so
v 1 a4 souIll » $309/SHS S (1) 199034 ] 18380
‘ 1 S z 1u3s € SAC z €20
z (1) sus € SVS 14 A0 1 ovo
T S 1 awve 9 €AO 144 Aandaay
4 1Vvsvas 4 133uw0Td 4 td." ] Y iaugaen
< (1) VVvON 4 (1) oso 6 A0 1 SOGIIN
Y (1) SNEMIN S (SOL1) VVON S (1) oso t 13301
| ¢ LVSOVK € (1) SNBAIN 9 (1) 090 € unf{oy
, 1 (1) 1vsamvi 1 SIW 2z ovo T Sl
1 an1 € 3aurawy v SNENIN 1 s039
| £ ais1 z LVYSUNVT € avupaey 8 juyma
: [ (1) &1 € aH1 v F ) ¢ oyx
S (1) saoo 1 OvVaH z (1) soao i pitg L1172
4 a0 1 LINATY 1 7t 39.01dx3 z 1971n0)
. y (1) s1v 1 $039 t vssa z 1313V
4 (29vS 7 WOOH) KRV € (1) s1v €1 suod 14 VNRV
T v z v 4 Siv €6 vuady
* Ijvioeoeds uoyavusjeeq 3j93590%ds uojIvudjsaq 3jvi590wdg uoyIvudsac Ijei5200ds woyvussag
Jo 2squnyg weafoag 30 asqeny [ 31 13 F] 3O 13qwny aviloayg Jo aaquny weisoxqd -
Kpnis Jueiing (ST 9ousiajoy) 239pdn gL61 (¢ @duaxajay; 23epdn 1L6! {1 350s323%4) (961 'Kpnas Twui¥ii0

47dWVS VIV JAILVIAWND - T LIYIHXH




In the EARs the treatment of standby and redundant units is con-
sistent for all data samples and emphasizes the utilization of omly known
values. Operational hours in the EARs were recorded as "powered" and
“"unpowered" vhere such information was known. For much of the equipment,
however, the information available only indicates that at a given time
the equipment was known to be operational. For this reason the nominal
unit of measure in this report is survival time.

The authors believe that the crux of studies of this nature is
the provision of a large amount of data in a readily usable form. For
this reason, as well as the fact that the information from the documentation
does not warrant application of highly sophisticated techniques, the methods
of analysis are simple and straightforward.

Classification and summarization, using simple, readable tables, are
the primary presentation techniques. In general, statistical inferences are
not drawn from these efforts. Conclusions have been drawn where appropriate,
but the emphasis is placed on presenting data in such a form that readers
may easily draw their own conclusions in areas of their special interest.

Documentation for the spacecraft in this study was generally of
sufficient detail and of high quality. Appendix A indicates the quality
of data bank coverage for each spacecraft in the update as a function of

the four major tables in the Engineering Analysis Reports.

C. Baseline Data
Exhibit 2 provides a complete list of spacecraft in the update,

together with several key data elements. The first four {tems, space-
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craft designation, launch date, spacecraft status and status date, are
self-explanatory. The next column gives the design life(l) and the
operating life, calculated as the difference between launch and status
dates. If the spacecraft is still operational this figure is, of course,
only tentative.

The next two columns attempt to place the individual spacecraft in
the context of the larger U.S. Space program by giving brief synopses of its
heritage/maturity and factors determining its relative complexity. Attempts
to tabulate such quantitative factors as pointing accuracy, voltage regulation,
data rates, etc., were unsuccessful in that for many spacecraft the requisite
data points were unavailable and the others required so many qualifications
or explanations that the quantitative nature of the entry was effectively
obscured. Thus, our reliance on more qualitative factors.

The final column is our attempt, nevertheless, to quantify relative
complexity. The numbers were read from Exhibit 3 which, in turn, represents
our best engineering judgment of relative spacecraft complexity. Exhibit 3
is the end result of an iterative, assessment Process designed to place all
43 spacecraft in the update (which successfully attained orbit) in
relation to each other in terms of complexity. The most complex was then
assigned a complexity rating of 100 and the least complex a rating of 10,
there being in our Judgment about an order of magnitude difference in

complexity between the SME and the Voyagers.

)Spacecraft design 1ife is a rather nebulous parameter. It sometimes

is not specified at all in the documentation available to us; in other
cases multiple design 1ives are referenced. We have, therefore, selected
one design life for each spacecraft that seems most Teasonable to us on
the basis of all available information.
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3 40
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10 SME '
SPACECRAFT

EXHIBIT 3 - RELATIVE SPACECRAFT COMPLEXITY
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I1I. ANOMALY CLASSIFICATIONS

Because of the large number of anomalous incidents in this sample

(and in previous samples) classification and summarization procedures are
mandatory to extract readily useable information. From the relevant spacecraft
EARs, a summary of each anomalous incident in this sample has been prepared.
The summary is fcund in Appendix B-1 in the same format as the corresponding

data for the earlier comprehensive studies. Appendix B-1 lists, by space-

craft, every anomalous incident recorded in the EARs subsequent to a
successful launch. Each anomalous incident contains the following information:

1. An anomaly index relating the incident, unambiguously,
to the information in the EAR.

2. Time the incident occurred. An entry of € indicates that the
incident occurred between the end of countdown and the estab-
lishment of the initial orbit. An entry of indicates that
the anomaly cannot be pinpointed in time since it was
intermittent, gradual, or unknown. All other entries are in

hours.

3. Three short statements giving a description of the incident,

; its cause, and its effect on the mission as a whole.

4, Any known corrective action taken to prevent occurrence of the
incident on future flights or to obviate its effect on the
flight under consideration.

5. Other clarifying remarks required to put the incident in the

proper context. ‘




|

}i

In addition to this summarization, two kinds of anomaly
classifications were accomplished: (1) compilations by the
classification codes used in all previous studies (the standard approach),
and (2) compilations by a set of additional classification codes designed
to more fully describe the characteristics of the observed anomalies.
Complete compilations are presented in Appendices B-2 and B-3, respectively,
in the same order and using the same anomaly index as the summaries of
Appendix B-1. The two sets of classifications and their results are

discussed in the following subsections.

A. The Stwndard Approach

In the standard approach, there are nine characteristics for which
each anomalous incident is coded. Some of the information needed to select
a particular code for a given entry may occur only in the EAR so that, in
a sense, the classification codes carry more information than that provided
in the entries of Appendix B-1. The complete standard approach coding of
each entry 18 given in Appendix B-2. Unsuccessful launches are not included
in these appendices.

Fxhibit 4 defines the categories and codes for eight of the
classifications used. The ninth classification, Subsystem Function is
defined in Subsection III.A.8 below. Definitions of the terms, the results of
classifying the 6061 anomalies of this study and the ?,0961 anomalies of

Reference 15 are given in the following subgsections.

1 These totals do not include unsuccessful launches.
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EXHIBIT 4 -

I.

II.

I1I.

Iv.

it

Mission Subset

U. Unsuccessful Launch

S. Spacecraft with No
Anomalies Reported

Spacecraft with
Anomalies Reported

Mission Term

L. Long Term

S. Short Term

Mission Phase vi.
L. Launch and Acquisition
0. Orbital (Steady-State)
Q. Unknown
Mission Effect
1. Negligible vi.
2. Non-Negligible but Small
3. 1/3 to 2/3 Mission Loss
4, 2/3 to Nearly Total

Mission Loss
5. Essentially Total

Mission Loss
U. Unknown

VII.

Spacecraft Subsystem

a. Timing, Control and
Cotmmand

b. Telemetry and Data
Handling

19
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c. Power Supply

d. Attitude Control and
Stabilization

d¢ Propulsion
e. Environmental Control
f. Structure

g. Payload (Experimental
and Scigntific)

h. Unknown

A. Incident Type

E. Electrical
M. Mechanical
0. Other

U. Unknown

B. Incident Type

C. Catastrophic Part
Failure

0. Other Part-Related
Incident

N. Non-Part-Related
Incident

U. Unknown

Incident Cause

A. Assignable
N. Non-Assignable

U. Unknown
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Roman numerals following the paragraph headings refer to the

Roman numerals in Exhibit 4.

1. Mission Subset (I)

This code simply identifies the unsuccessful

launches (U) and those spacecraft for which there are no reported anom-

alies (S).

For this study, one of the 44 spacecraft launches (NUAA-B) was unsuc-

cessful; there were no spacecraft that experienced zero anomalies. The

breakdown by number of spacecraft and percentage is ss follows:

Number

Percent

This Study

Reference 15

This Study Reference 15

Mission Subset

U. Unsuccessful 1
Launch

S. Spacecraft With 0
No Anomalies
Reported
Spacecraft with 43

Aromalies Reported

2. Mission Term (I1)

The code identifies long-term (L) or

2.3

97.7

12.3

11.4

76.3

short-term

(S) missions. If a mission is anticipated to be longer than 60 days it

is classified long-term. All spacecraft in this data sample are long-

term missions.
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The breakdown, by number of anomalies and percentages, is as

follows:

Number Percent

This Study Reference 15 This Study Reference 15

Mission Term

L. Long Term 606 1,695 100 80.9
S. Short Term 0 401 0 19.1

3. Mission Phase (III)

A spacecraft mission can be thought of as consist-
ing of two distinct phases: launch and acquisition (L) and the orbital or
steady-state phase (0). An anomaly cccurring during launch and acquisition
ig classified L; if it occurs during steady-state operation it is classi-
fied 0. A third category, Q, is provided for those instances where the
dichotomy cannot be made due to insufficient information. Tte distinction
{s made on the best judgment available based on the engineering analysis
reports. Generally, those incidents indicating an €, or very few hours
of elapsed time at occurrence, are classified as L, all others as O.

The breakdown of anomalies occurring in each category and the

associated percentages is as follows:

Number Percent

This Study Reference 15 This Study Reference 15

Mission Phase

L. Launch and 61 480 10.1 22.9
Acquisition
0. Orbital 545 1,608 89.9 76.7

(Steady-State)

Q. Unknown 0 8 0 0.4

2]




Mission Effect (IV) :

bR ']
S

The five groups included in this classification i

e

fndicate the severity of the anomalous incident in terms of its effect on

the overall mission had it occurred in isolation. The definition of each
class 1, 2, 3, 4, and 5 should be self-evident from the classification
names given in Exhibit 4 . Thus, in column IV of the tables in Appendix B-2
all incidents coded 1 have essentially negligible effect on mission per-
formance; those coded 5 are essentially catastrophic to the mission. The
code U indicates there was {nsuificient information on which to assign a
mission effect code.

The breakdown of these groups, by number and percent of anomalies,

is as follows:

Number Percent

This Study Reference 15 This Study Reference 15

Mission Effect

1. Negligible 447 1,336 73.8 63.4

2. Non-Negligidble 117 579 19.3 27.6
but Small

3. 1/3 to 2/3 32 93 5.3 4.7
Mission Loss

4, 2/3 to Nearly 5 20 0.8 0.9
Total Mission Loss

5. Essentially 4 44 0.7 2.1
Total Mission Loss

U. Unknown 1 25 0.2 1.2

5. Spacecraf* Subsystem V)

Each anomalous incident is coded according to which

of eight major spacecraft subsystems is most closely related to the incident.
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An unknown category is included for those cases vhere a relationship does
not exist or cannot be determined from the available informacion. The
subsystems used for this classification are meant to define broad func-
tional operations found to one extent or another in all spacecraft. The
functional definition for subsystems was chosen rather thau a definition
based on hardware for two reasons. First, subsystem definitions vary
among organizations and ~wong program offices of the same organization.
The data analysis requires a grouping that can be applied to all spacecraft
of the collective data sample. The second and more important reason for
using & functional definition is that, i{n the predesign stages of fu’'ure
programs, the program management vwill know wvhat functions the planned
spacecraft is expected to perform with more certainty than the actual
hardvare configuration that will be used to perform the desired functions.
The comparisoas at the subsystem level as defined in this report would be
useful in the predesign phase of program development. For example, one
would be interested to know, based on past experience of other programs,
wvith what certainty a spacecraft would deploy its structural elements
(structure subsystem) or supply power to the other planned functions {power
supply subsystem). In the later stages of development of a projected pro-
gram, vhen more is kaown about the hardware configuration, the interest
would shift to the equipment group/component level of analysis which {is
hardvare oriented.

The following list defines the subsystems and indicates the types
of equipment that are considered to be a part of each subsystem.

a. Timing, Control and Command

Command receivers, decoders, timers, programmers,

sequencers, command distribution equipment

23
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Telemetry and Data Handling

Encoders, D/A converters, A/D converters, tape

recorders, signal conditioners, telemetry trans-

nitters, tracking transmitters, antennas

Power

Batteries, solar arrays, fuel cells, converters,
inverters, regulators, protective devices, charge
regulators

Attitude Control and Stabilization

Gyros, spin control, magnetometers, sun aspect in-
dicators, eddy current dampers, horizon scanners,
star trackers, dynamic control

Propulsion

Coding this subsystem with a d* indicates that the
propuision subsystem considered here is more closely
related to the attitude control subsystem of the
spacecraft than to the launch vehicle. Included
are hydrazine thrusters, tanks, valves, etc.

Envirommental Control

Both passive and active thermal control devices,
l1ife support systems, etc.

Structure

Basic structure, booms, solar paddles_ separation.

Payload (Experimental and Scientific)

Wide-band communications (for spacecraft where this

equipment was considered experimental), microvave
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equipment (cavities, TWTs, etc., flown for assess-
ment purposes), university experiments, particle
detectors, mass spectrometers, plasma analyzers,
infrared radiometers, ultraviolet radiometers.
Although it is felt that these groupings are essentially self-
explanatory, checking a few of the codes in Appendix B-2 with their cor-

responding entries in Appendix B-1 should dispel confusion. This pro-
cedure is applicable to most of the other classifications as well.

The breakdown, in terms of number of anomalies and their associ-

Number Percent

This Study Refercnce 15 This Study Refernece 15

ated percentages, to each of the subsystem categories is as follows:

Spacecraft Subsystem

a. Timing, Control 55 290 9.1 13.8
and Command

b. Telemetry and 116 599 19.1 28.6
Data Handling

c. Power Supply 56 199 9.2 9.5

d. Attitude Control and 123 287 20.3 13.7
Stabilization

a* Propulsion 26 62 4.3 2.9

e. Envirommental 16 36 2.6 1.7
Control

f. Structure 6 47 1.0 2.2

g. Payload 208 540 34.3 25.8
(Experimental and
Scientific)

h. Unknown 0 36 0 1.7
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6. Incident Type (VI)

a. Incident Type (VI.A)

This classification places an anomaly in

one of four mutually exclusive groups: electrical (E), mechanical Mm),
other (0), and unknown (U). Those entries in Appendix B coded vith an E
in the VI.A column indicate that anomalous behavior is exhibited by elec-
trical or electromic psrts, components, subsysteas, or functions. Those
snomalies coded M are similarly defined for mechanical parts, components,
subsystems, or functions. An 0 1ndica€es behavior of equipment that cannot
be classified electrical or mechanical: propellant degradation, for exanm-
ple. A U indicates insufficient information to assign the entry to any
of the other three categories.

The breakdown of anomalies and percentages in this classification

group is as follows:

Number Percent
This Study Reference 15 This Study Reference 15
Incident Type
E. Electrical 329 1,538 54.3 73.4
M. Mechanical 64 192 10.6 9.2
0. Other 197 158 32.5 7.5
U. Unknown 16 208 2.6 9.9

b. Incident Type (VI.B)

The classification of column VI.B in Appendix B

attempts to divide incidents into those that are part related and those

that are non-part related. A code of C indicates those incidents arising
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from a catastrophic part failurc.l An 0 indicates that the anomalous inci-
dent is related to behavior of a part (or parts) that has not failed cat-
astrophically (degraded, ‘ntermittent, etc.). An N indicates an anomalous
incident not related to any part misbehavior. A U indicates that insuf-
ficient information exists to determine vhether part behavior was involved
or not.

The breakdown by number and percentage of anomalies for these cate-
gories is as follows:

Number Percentage
This Study Reference 15 This Study Reference 15

Incident Type

C. Catastrophic 21 225 3.5 10.7
Part Failure

0. Other Part- 52 242 8.6 11.5
Related
Incident

N. Non-Part- 277 727 45.7 34.7
Related
Incident

U. Unknown 256 902 42.2 43.0

7. Incident Cause (VII)

Three broad groups are defined for incident cause
in column VII of the tables in Appendix B: assignable causes (A), non-
assignable causes (N), and unknown (U).

An assignable cause is attributed to an anomalous incident if the

incident could have been prevented by taking some action well within the

lThc term "catastrophic" here is defined to mean "catastrophic’ to the

part and not necessarily to the larger component system. Typical types of
catastrophic part feilures include a transistor or diode shorting for no
known reason. This definition is consistent with that used in the negative
exponential distribution for modelling failure probability.
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state-of-the-art prior to launch. If the incident could not have been
prevented in this manner, it is classified nonassignable (N). If insuf-
ficient information exists to make a judgment, the anomaly is classified
unknown (U).

The breakdown for these categories is as follows:

Number Percent

This Study Reference 15 This Study Reference 15

Incident Cause

A. Assignable 251 132 41.4 34.9
N. Non-Assignable 33 264 13.7 12.6
U. Unknown 272 1,100 44,9 52.5

Further discussion of the assignable cause category is given in Subsection

II1.B, below.
8. Subsystem Function (VIII)

This classification is a secondary breakdown of

spacecraft subsystem .

The assignment of anomalies to the subsystems (character-
istic V) is helpful in narrowing down the functional aspects of spacecraft
which are the most troublesome. A further step in this direction is justi-
fied to ‘{solate more precisely the location of anomalous incidents. To
do this a number of subfunctions (characteristic VIII) are defined for
each previously defined spacecraft subsystem. The subfunctions for each
subsystem are defined so that they are mutually exclusive and exhaustive,
1.e., they do not overlap and they do cover the entire subsystem. In deter~
mining the quantities of the subfunctions and their associated snomalies, only

data that specifically identifies the subfunction is considered. PFor instance,
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if the data clearly involve a command decoding subfunction, then an sssign-
ment is made to that category. Each anomalous incident carries, therefore,
two codes relating the incident to functional location within the spacecraft.
The subsystems, subfunctions, and codes used for each are tabulated in
Exhibits 5 and 6. Exhibit 5 gives the total number of functions in this
sample, the total number of anomalies observed, and the anomalies per function
for this study. Exhibit ¢ presents the same information for data previously

available in the PRC data bank and reported in Reference 15.
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EXHIBIT 5 - DETAILED CLASSIFICATION OF ANOMALOUS INCIDENTS BY SPACECRAFT ;
SUBSYSTEM AND FUNCTION, THIS STUDY i

Number of
Number of Reported
. Functions Anomalies Anomalies
i Subsystem Function in Sample by Function per Function
a. TIMING, CONTROL,
AND COMMAND 43 55 1.28
1. Receiving 43 21 0.49
2. Decoding 43 3 0.07
3. Command Distribution 25 17 0.68
4. Sequencing and
Programming 27 5 0.19
5. Timing 28 9 0.32
6. Manual Control - - -
7. Unknown - - -
8. Unassignable - -
b. TELEMETRY AND
DATA HANDLING 43 116 2.70
1. Data Point Sensing
and Monitoring 43 13 0.30
2. Signal Conditioning 8 1 0.12
3. Encoding, Formatting 43 2 0.05
4. Data Storage 27 43 1.59
5. Transmission 43 56 1.30
6. Unknown - - -
7. Unassignable - - -
c. POWER 43 56 1.30
1. Conversion 43 4 0.09
2. Storage 41 k] 0.07
3. Power Control 42 45 1.07
4. Power Distribution 17 2 0.12
5. Unknown - 2 -
6. Unassignable - - -
d. ATTITUDE CONTROL
AND STABILIZATION 40 123 3.08
1. Orientation Sensing 40 90 2,25 .
2. Active Attitude
Correction 22 19 0.86

5 -—
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EXHIBIT 5 - (Continued)

Number of
Number of Reported ‘
Functions Anonalies Anomalies 4
Subsystem Function in Sample by Function per Function i
3. Passive Stabilization 8 3 0.38 ‘
4. Unknown - 1 -
5. Unassignable - 10 -
d*. PROPULSION 37 26 ©0.70 1
1. Navigation 4 4 1.00
2. Propulsion 33 22 0.67
3. Unknown - - -
4., Unassignable - - -
e. ENVIRONMENTAL CONTROL 43 16 0.37
1. Active Thermal Control 23 15 0.65
2. Life Support - - -
3. Unknown - - -
4. Unassignable - 1 -
f. STRUCTURE 43 6 0.14
1. Basic Structure 43 5 0.12
2. Deployable Structure 33 1 0.03
3. Separation 43 0 0.00
4. Unknown - - -
5. Unassignable - - -
g PAYLOADS 256 208 0.81
1. Scientific 230 205 0.89
2. Technical 26 1 0.04
3. Unknown - 1 -
4. Unassignable - 1 -
h. UNKNOWN - - -

k)
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EXHIBIT 6 - DETAILED CLASSIFICATION CF ANOMALOUS INCIDENTS BY SPACECRAFT

SUBSYSTEM AND FUNCTION, REFERENCE 15
Number of
Nunber of Reported
Functions Anomalies Anomaiies
Subsystem Function in Sample by Function par Function
a. TIMING, CONTROL,
AND COMMAND 265 290 1.09
1. Receiving 261 103 0.39
2. Decoding 251 23 0.092
3. Command Distribution 72 30 0.42
4. Sequencing and
Programming 188 63 0.33
5. Timing 133 30 0.22
6. Manual Control 11 - -
7. Unknown - 29 -
8. Unassignable - 12 -
b. TELEMETRY AND
DATA HANDLING 277 601 2.17
1. Data Point Sensing
and Monitoring 164 206 1.26
2, Signal Conditioning 46 3 0.065
3. Encoding, Formatting 264 63 0.24
4. Data Storage 126 151 1.20
S. Transmission 270 151 0.56
6. Unknowm - 14 -
7. Unassignable - 12 --
c. POWER 282 199 0.70
1. Conversion 175 40 0.23
2. Storage 271 17 0.28
3. Power Control 247 50 0.20
4. Power Distribution 179 12 0.067
5. Unknown -- 18 -
6. Unassignable - 2 -
d. ATTITUDE CONTROL
AND STABILIZATION 244 285 1.17
1. Orientation Sensing 226 131 0.58 .
2. Active Attitude
Correct ion 209 250 1.20
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EXHIBIT 6 - (Continued)

Number of
Number of Reported
Functions Anomalies Anomaliec
Subsystem Function in Sample by Function per Function
3. Passive Stabilization 69 11 0.16
4. Unknown - 16 -
5. Unassignable ~ 8 -
d*. PROPULSION i21 62 0.51
1. Navigation 108 11 0.10
2. Propulsion 121 37 0.30
3. Unknown - 4 -
4. Unassignable - 10 -
e. ENVIRONMENTAL CONTROL 80 36 0.45
1. Active Thermal Control 63 24 0.38 i
2. Life Support 12 13 1.08
3 . Unh'\ own - 2 - i
4. Unassignable -- 5 -
f. STRUCTURE 272 47 0.17 '
1. Basic Structure 267 2 0.0075 ]
2. Deployable Structure 89 33 0.37
3. Separation 256 1 0.041 ]
4. Unknown - 1 -
S. Unassignable - - -~
g PAYLOADS 809 544 0.67
1. Scientific 711 423 0.59
2. Technical 98 120 1.22 b
3 . lmkno'n - l — 3
4. Unassignadble - - -
h. UNKNOWN - 36 -
A
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B. Additional Categories

For this study several additional ways of treating the basic

anomaly data were considered. These included additional treatment of

anomaly causes, anomaly type, history, test background, level of space-

craft breakdown giving rise to the anomaly, the heritage of anomalous

hardware, etc. Many of these considerations are reflected qualitatively in

the engineering analysis of Section IV.B. Quantitatively, four characteristics
were found to have sufficient information to provide additional useful
categorization. These are cause, type, testability, and source. Exhibit 7
defines the categories and codes for these additional classifications.

It Flso provides the number and percentage of the 606 anomalies assigned

to each category. Definitions of the terms and notes on classifying the

606 ancmalies of this study are given in the following subsectioms.

Roman numerals following the paragraph headings refer to the Roman
numerals in Exhibit 7. A complete tabulation of these codes, by anomaly,
is given in Appendix B-2.

1. Anomaly Cause (X)

Anomaly cause is treeted in the standard approach but only
to the extent of deterwining if the anomaly has an assignable cause or
not . While the previous studies in this series further analyzed
the anomalies with assignable causes , no formal coding was reported. This
categorization remedies that situation and also defines a new set of "causes"
more in keeping with recent data. The first three categories all represent
design problems. The first, Space Environment, is invoked when the design

provides an inadequate response to the environmental stresses of space.
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EXHIBIT 7 - ANOMALOUS INCIDENT CLASSIFICATION CODES, ADDED CHARACTERISTICS

X. Anomaly Cause Number Percent

a. Space Environment 56 9.2

b. On-Board Software 21 3.5

c. Design, Other 90 14.9

d. Quality Control/Workmanship 25 4.1

e. Contamination 21 3.5

f. Catastrophic Part Failure 40 6.6

g. Catastrophic Circuit Failure 25 4.1

h. Catestrophic Component Failure 28 4.5

i Catastrophic Black Box Failure 33 5.4

3 Unknown 267 44,1

TOTAL 606 100.0

XI. Anomaly Type

S. Systematic 216 35.6

W. Wearout/Aging/Depletion 44 7.3

C. Chance 20 3.3

G. Glitch 52 8.6

u. Unknown 274 45.2

3 TOTAL 606 100.0

=) XII. Testability

Y. Yes 95 15.7

N. No 90 14.9

E M. Maybe 116 19.1
E u. Unknown 305 50.3
E TOTAL 606 100.0

XIII. Source

1. Part 68 11.2

2. Circuit/Subassembly 66 10.9

3. Component 117 19.3

4, Black Box 97 16.0

5. Subsystem/Interface 15 2.5

6. Interaction 153 25.2

7. Unknown 90 14.9

TOTAL 606 100.0
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The second, On-Board Software, covers anomalous behavior attributable
to errors in software or to software which is inadequate for actuzl ~perational
procedures. The third category, Desigrn, Other, covers all other anomalies
attributed to design deficiencies. Anomalies are categorized as Quality/
Workmanship if, and only if, the source documentation so specifies.

Thus, there may be more of these anomalies than appear in the Exhibit 7
tabulation. Contamination includes all reports of any kind of foreign

matter in or on the spacecraft hardware. Catastrophic failure occurs

when a particular level of hardware (Part, Circuit, Component, Black Box)

fails completely for none of the previously listed causes. Parts are

single integrated circuits, valves, motors, etc. Circuits are actual
electrical circuits (oscillators, amplifiers, etc.) or small collections

of parts (gear assemblies, for example). Components are sets of "stand-alone"
hardware, typically: tape drives, power converters, gyro electronics. Black
Boxes are complete functional units, e.g., tape recorders, batteries, solar
arrays, or command decoders. The Unknown category is reserved for those
anomalies for which there is insufficient information to make any other
assignment.

2. Anomaly Type (XI)

The standard approach treats anomaly type in two dimensions.
The first distinguishes between electrical, mechanical, or other (chemical, etc.)

type of anomaly and the second the relationship of the anomaly to plece part

behavior. This categorization examines whether the anomalies are deterministic
or not. Thus, the category Systematic includes anomalies that would recur
if identical hardware were operated under identical conditions. Wearout,

Aging, uand Depletion are special cases of systematic anomalies and have been



broken out separately. Two kinds of “randonm" anomalies have also been
included. The first, Chance, represents significant anomalies thst would
not necessarily occur if identical hardware were operated under identical
conditions. These anomalies are almost always reported in the source
documentation as random failures. Glitches are also randomly occuring
anomalies. They are usually insignificant in terms or mission effect,
occur at most a very few times then disappear requiring no corrective action
other than perhaps a command to restore proper status. Again, nearlv half
of the anomalies cannot be assigned to the above categories.

3. Testability (XII)

This categorization answers the question, "Could prelaunch
testing have revealed the anomaly?" A "Yes" was assigncd if it was reasonably
clear that some type of testing would have produced the anomaly. A “Yes" was
not assigned if the required testing was beyond a reasonable definition of
the state of the art or would have required testing of excessive duration.
A "No" was assigned if no test would have a reasonable expectation of
producing the anomaly (a random part failure, for example). A "No" was
also assigned if a test could be conceived but was clearly impractical
(requiring zero gravity, for example) or would have been prohibitively
expensive. An assignment of "Maybe" covers the situation in which test
expense or sophistication while not clearly out of the question are
approaching that situation. This category is also assignned when a'clear
distinction between "Yes" and "No" is not possible based on available data.
The "Unknown" category represents the case where there is not enough

information available to make any other assignment.

37

e ——
e e e ——a



Source (X111)

This classification has been constructed to reveal vhere

the anomalies originate. The firet four categories are siwply hardvare
ftems of increasing levels of complexity. The hardware levels are defined
as in the Anomaly Cause classification. In each case, the loweat applicable
level was assigned that the available information would support. A few
anomalies could not bde isolated below the Subsyatem/Interface level. These
are mostly incorrect wiring hamesses. A much more frequently occurring

source {8 "Interaction.” This covers all anomalfes where incorrvect responses
occur hetween groups of hardware or between the hardware and its operating
environment. Tvpical anomalies {n thisx category are wheel unloading when

the tape recorder stops, RF1I, turn-on transfents, and contamination of one
set of hardware due to outgassing from another.  The "Unknown® category is

assigned where fnsufficient information {s available to make anv other

assipnment.,
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IV.  ANALYSIS

For this study, two types of analyses of the basic anoamsaly and
spacecraft survival dats were conducted. The first deals with spacecraft
and spacecraft subsystem performance over their observed lifetiwes. The

second is an engineering analysis of several special factors.

A. Performance Summaries

The performance of each spacecraft considered in this update
is indicated on a separate bar chart in Appendix C-1. The survival time
for each subsystem (as defined in the documentation for that spacecraft)
1s presented as are the survival times for all anomalous components,
Survival times are also indicated for the redundant units of anomalous
components whether or not they themselves had anomalies. Each and every
anomoly is charted at the time it occurred and against the component or
subsystem in which it occurred. A distinction is made on the charts
between failing components (totally unussble) and less serious anocalies.

For those spacecraft that were considered in previous studies,
all snomalies from launch have been included even though these anomalies
do not otherwise form part of the update data base. They are treated in
Reference 15.

A second set of charts indicates the performance of major
spacecraft subsysteas. These are collected in Apendix C-2, Since each
spacecraft has a somevhat different breskout of subsystems, we have

standardized on the eight defined in subsection II1.A.5., For the sajor
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subsystems (Timing, Control and Command; Telemetry and Data Handling;
Power Suoply; Attitude Control and Stabilization, and Payload) an entry is
msade for each spacecraft whether or not it had significant anomalies in
the subject subsystem. If it had significant anomalies, the anomalous
components (and their redundant units, if any) are also listed. The
Structure subsystem does not appear since there were no significant
anomalies in this subsystem in this update. Since so few anomalies
occurred in the Propulsion and the Environmental Control subsysteums, only
those spacecraft are listed which suffered significant anomalies in these
areas.

In addition to being ordered by subsysteam rather than space-
craft, this set of charts differs from the spacecraft charts in two ways,
First, only "significant” snomalies are included. These are generally
those categorized as having a mission effect code of 2 or greater (see
subsection III.A.4) although all anomalies in redundant units, whose
atssion effect is negligible because of the redundancy, are also included.
The second major cifference is that time, rather than being plotted in
hours, is plotted in units of spacecraft design life. Thus, an operating
time of 67 months for an AE-S subsystem is plotted as 67/12 = 5.6 since
its design life 18 one year (see Exhibit 2). Similarly, aa operating
time of 62 months for an ATS-6 subsystem is plotted as 62/24 = 2.6

since the ATS-6 design life is two years,
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B. Engineering Analyses

Engineering analyses were conducted to provide further insights
into the nature of the anomalies that have occurred on the satellites in
this update. The analyses covered seven areas ranging from persistent probleams
and test-related anomalies to black box failures and RFI/EMI. Each of

the seven areas is discussed below in a separate subsection.

1. Persistent Problems

In an earlier analysis of the data bank, it was found that
over 80 percent of all anomalies fell into 30 categories of leading
problem areas (Reference 14). It was also noted that these categories
represented “persistent” problems in that the anomalies occurring on the
more recently launched spacecraft were of the same types as the anomalies
on earlier spacecraft. Since a significant amount of new data were
collected on this data bank update, it was deemed desirable to reexaaine
these persistency trends.

Once again it was found that approximately B0 percent of the
anomalies "fit” the 30 problem areas. Exhibit 8 depicts the rank order
of these problem areas for this update, for the 1978 update and for the pre-
1978 data bank, The three-part exhibit illustrates the persistency of the
problem areas over time as well as the shifts in their ranks.

A number of interesting observations can be made from the
exhibit. For exampie, as time passes fewer problem areas account for 50
percent of the anomalies. This implies that by addressing the five upper-
ranking probles areas in this update one would in fact be addressing forty
percent of the observed anomalies. In the pre-~1978 ers, nine prodblems

would have had to be addressed to achieve similar coverage.
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The rank of tape recordere as a problem area has dropped steadily from the
first sample to the last while remaining a significant prodlem area.
Note that this drop in rank could mean either that tape recorders are
getting better or other problems are getting worse. RFI/EMI also
continues to be a significant problesm.

Chemical propulsion now ranks second only to scientific instruments
as a probles area. It's ranking in the pre-1978 sample was 15 and in the 1978
sanple {t was S. Part of the reason for che rank increase in this study
is the large number of propulsion prodblems on ATS-6. However, many other
spacecraft suffered from 1 to 3 propulsion problems, indicating that anomalous
behavior in chemical propulsion systems is a general and increasingly severe
problem. Another interesting increase is observed in the gyro category.
The ranks are 23, 23, 8 from the earliest to the most recent sample,
This 1is due in part to several gyro problems on IUE, TIROS-N, and NOAA-6
but again it seems to be a more general problem as well and a definite
cause for concern.

The RF Telemetry category ranking dropped from 7 to 11 to 16
in the most recent sample. A major reason for this {s that spacecraft
now rely extensively on S-band equipment for telemetry, and S-band

anomalies are included in the Wideband categories.

2. Test-Related Anomalies

Anomalies in the update sample were classified according
to wvhether they might have been eliminated through some type of testing
(See Section 111,B). Anomalies known to be related in some fashion to
the testing program were also identiffed. Twenty seven such anomalies

were found and although there are undoubtedly others, specific information

A h e & o B o

is availsble only for these 27.
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Seven anomalous incidents were reported that were known
to exist as sanomalies prior to launch. One typical anomaly of this type
involved a memory halt on LANDSAT-3 when an S-band timer reset was commanded.
This abnormal response had occurred occasionally prior to launch,
On SEASAT, a 21 GH, electrical temperature monitor was reported as failed
prior to launch, then returned to normal operation, but failed again
about 300 hours into the mission. Another typical anomaly involves
payload data interference over the South Atlantic Anomaly on NIMBUS-7;

this was expected due to the type of data channel detectors utilized.

Ten anomalies were of a type noted prior to launch but
not then considered to be an anomaly. For instance, on NOAA-6 a ceramic
capacitor had been identified as a problem component before launch, and

was replaced with specially screened items. Nevertheless, problems with

this capacitor recurred and caused significant losses of instrument data.
In another case, a tape recorder on SME did not respond to playback
commands when the unit was cold; symptoms of this anomaly had been noted
in prelaunch tests

Two anomalies -- both on NIMBUS 7 ~- were specifically reported
as having not been revealed in testing. One of these involved interference
with the scanning of one instrument by the scanning of another instrument.

It was reported that this was possibly due to structural resonance or

structural transaission, and that the test fixture could have masked

structural effects. The other anomaly of this kind involved unexpectedly
high temperatures of the cooler door and cone on the Coastal Zone Color
Scanner. It vas reported that this possibly occurred because of higher

earth albedo in orbit than was simulated in thermal-vacuua testing.
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Four anomalies existed prior to launch but went undetected,
including a wiring error in a thruster control harness on AE-5,
Four anomalies were reported that involved settings or procedures based on
test data that were later found to be inadequate. For instance, on
Viking Lander 2 battery temperatures increased significantly higher
than predicted. It was reported that the temperature predictive model
was based on data from preproduction, prototype batteries rather than

flight batteries, and was in error.

3. Environmental Effects

Of the 606 update anomalies, 56 (or slightly over 9 percent)
were caused by some type of environmental effect. Since c¢his is a rather
significant proportion of the anomalies, and particularly since many of
these anomalies could possibly have been prevented by more adequate design
or testing provisions, the anomalies were further investigated in terms of
hardware and functional areas.

In this investigation, environmental effects were broadly
defined as those originating external to the spacecraft itself. It was
found that ten categories encompassed these effects:

(1) Effects of orbit: Determined by orbital characteristics
such as eclipse and solstice, sun angle, day/night and
night/day transitions, orbital location, etc.

(2) Temperature effects: Created by the space thern;l
environment and the reacticns of the spacecraft to this

enviroament.

45




- r
; (3) Sun effects: Resulted from the sun's visible spectrum.

; (4) Moon effects: Resulted from lunar gravitation and

§ reflected light,

S» (5) Atmospheric noise: Associated with the atmvspheric

PR

RF spectrum.
(6) Effects of vacuum: Associated with the space vacuum.
(7) Earth effects: Resulted from albedo and the earth's
magnetic field.
(8) Radiation effects: Associated with space radiation.
(9) ©Effects of launch: Created by the launch environment.
(10) Other: Environmental effects not encompassed by the
other categories.

From the above, it can be seen that "overlap”™ between the categories

can occur. For instance, an excessive spacecraft temperature might be due to
B either the space thermal environment or the sun angle as determined by the space-

craft's orbital characteristics. In assigning anomalies to the envifonnent&l

LA 8

effects categories in this investigation, such possible overlaps were handled by
basing the assignment on the primary environmental effect leading to the

the anomaly as given in the data. That is, if the primary cause of space-

i\l

craft overheating was the sun angle, the anomaly was assigned to the orbital

effects category rather than the teamperature effects category. It is felt
that assigning the anomalies in this manner provides a clearer indication

of where more emphasis would be warranted during design and test.
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by hardware/functional area and the various environmental effects leading

to then.

follows:

1
!
Exhibit 9 depicts in matrix format the distribution of anomalies i

Typical examples of anomalies assigned to each category are as

(D

(2)

(3)

(4)

In the "Effects of Orbit™ category, anomalies include the

GOES-4 loss of RF power from a UHF transaitter pre- and

post-eclipse, and the MAGSAT anomaly involving sun inter-
ference in the star camera in the Southern hemisphere.
Another example is the array "notching™ that occurred on
NIMBUS-7 at night/day transitions.

In the “"Temperature Effects”™ category, anomalies include

the deployment problem on SAGE attributed to a stiff cable
due to low temperature. Also, the ATS-6 parabolic reflector

antenna anomaly consisting of distortions due to diurnal

thermal gradients was assigned to this category.

In the "Sun Effects”™ category, three of the anomalies involve

:
|
:
!

abnormal operation of horizon scanners/earth sensors due to
sun interference (SAGE, NOAA-7 and SEASAT). This category

also includes erratic operation of NIMBUS-7 sun sensor at

e ki e

some sun angles.,

All of the anomalies attributed to "Moon Effects” are
essociated with lunar illumination. Twice it interfered
vith earth sensor operation (GOES-3 and TIROS-N); it also

{nterfered with the operation of a radiometer on TIROS-N, j
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(5) At least two of the anomalies designated "Atmospheric
Noise” were associated with the South Atlantic Anomaly;
when the respective spacecraft were over this location,
RFI caused a clock jump on SMM and interfered with a
payload instrument on NIMBUS-7. LANDSAT-3 also experi-
enced RFI over magnetic anomalies, although the data does
not specify which ones. Also assigned to this category
was a TIROS-N anomaly involving spurious command verifi-
cations; this was attributed to the receiver's frequency
being in the neighborhood of amateur radio and television
traffic.

(6) Two of the anomalies assigned to "Effects of Vacuum™ were
caused by outgassing (LANDSAT 3 and Voyager 2). A third
anomaly -- the star tracker on Voyager 2 tracking bright
particles just after launch -- was also judged to be due
to outgassing.

(7) In the "Earth Effects” category, one of the anomalies
includes a spectrometer on SME breaking-limits due to the
effects of a “bright earth.” On SEASAT, a hcrizon scanner
tracked cold clouds, and on SMM earth albedo eatered a

gun sensor's field of view.

(8) "Radiation Effects™ includes three instances of array damage,
one due to a large solar flare (ATS-6) and two due to
the same large solar particle event (GOES-4 and GOES-5).

Three other anomalies involve Jovian radiation effects O

on the Voyagers. Also, a radiation "hit” on DE-1 wiped

out a microprocessor chip.
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(9) Three anomalies were caused by the "Effects of Launch”.
On MAGSAT, there were indications that a thermal panel
came off during launch. On TIROS-N, propulsion probleas
were attributed to a nut relaxing due to launch shock.
On Voyager 2, a computer became “confused” by the high
boost rates and issued commands to counteract thea.

(10) Four anomalies were assigned to the "Other" category.
On ATS-6, intermittent array thermistor operation was
attributed cryptically to "the long term effects of
cycling in orbit.” The detector window of a scientific
instrument on ISEE-3 was punctured by a micrometeorite.
NOAA-7 experienced higher solar pressure torques than
expected, and the Viking Orbiter ] experienced a strong

gravity gradient torque at periapsis.

4. Black Box Failures

As is evident from discussions elsewhere in this report,
a large number of data bank anomalies involve intermittents (some of which
"go away”), degraded performance that does not significantly impact the
mission, or other types of anomalous behaviors that do not render the
associated hardware useless. It seemed, therefore, that it would be of
interest to identify and tabulate the anomalies where a significant plece

of hardware became useless due to some type of problem.




These “significant pieces of hardware” are referred to herein

as "black boxes,” and {nclude batteries, tape recorders, gyros, receivers,
radiometers, and the like. The black boxes are generally elements of the
basic spacecraft subsystems; experiments were specifically excluded from

consideration in this analysis.

The data were then gsearched to identify those anomalies associated
vith the failures of black boxes. The definition of “failure” was that the
black box was rendered useless by the anomaly. In some cases, this implies
that the black box ceased to function; in others that the anomaly caused
guch degraded or erratic operation that the black box could not provide

{ts intended function.

In the update sample, 65 such black box failures were found
representing approximately 117 of all anomalies. The failures occurred
on 17 types of black boxes. These data are depicted in Exhibit 10.

The quantities shown in the left-most column f{ndicate the number
of black box failures where redundancy was both provided and operable. In
the next column, the number of failures shown are those where redundancy
was provided but had previously failed The next column i{ndicates the
rumber of failures where uo redundancy had been provided.

For batteries, only the total number of failures i1s shown; that
is, the failures are not broken down to indicete redundancy provisions. This
was done because basiteries are seldom truly redundant since a remaining

battery can carry only some portion of the load that could be handled by

the original, non-failed complement of batteries.
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In the update sample, there were 34 black box failures (not ,
{ncluding batteries) where redundancy was available and operable. The major
fapact of these failures {s therefore loss of redundancy protection. On
twelve spacecraft, howewer, black box failures resulted in severe mission
{mpacts. There are as follows:
o Termination of the SACK mission due to battery failure
o Termination of the Viking lander 2 missfon due to
computer fallure
0 Loss of the SEASAT mission due to faflure {n the array
slip ring assemdly
o Loss of the SMM missfon due to consecutive faflures in
all three reaction wheel power supplies
-4 o Loss of the TIRUS-N mission due to faflures {n both
redundant IMU power supplies.
o Losw of primary payload data on SMS-1 due to failure
of both S-band transaitters
o Loss of primary payload data due to faflure of both
VISSR encoders on SMS-2, GOES-2, and GOUES-)
o Restriction of primary pavlioad data gathering to real-

time only due to fatlure ot both prisary and redundant

tape trecorders on LANDSAT 2, NIMBUS-S, and NIMBUS-o,
The fmpacts of the resatuder of the black box fatlures tabulated

tn Exhidbit 10 {all somewhere between the seovere ones and lose of redundancy

protection, Ten of these remaluning black box fatlures {nvolve loss of a

battery; the other 6 loss of a radioweter.
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S. RFI/EMI

As indicated sbove, RFI/EMI ranks ass an especially prevalent
and persistent problem area. Of the 43 operating satellites in the update
sample, 22 had RFI/EMI anomalies. The lack of such anomalies on the other
2] spacecraft may reflect lack of reporting rather than lack of such incidents.
Overall, sixty-three anomalies caused by RFI/EMI were identified in the update

sample, and they are distributed among various hardware areas as follows:

Scientific Instruments

Radiometers

Cabling/harness (cross-talk,
coupling, etc.

Telemetry Transitters

Telemetry Monitors

UHF Receivers

Command Receivers

Battery Chargers

Attitude Sensors

Attitude Control Electronics

Spacecraft Clock

Coamand Decoder

Memory

Power Control Electronics

Thermal Control Electronics

S-band Transponders

Unknown

—
& b ps s e e = NN NN W WX -

—

The anomalies represented above include cases of "internal”™ RFI
where the extent and effects of the RFI were limited to the "black box™ that
generated it, and "external”™ RFI where the RFI generated in one area affected
equipment in another area.

In making the above allocation of anomalies to equipment areas,
the anosaly was charged to the offending equipment wherever there were
sufficient dats to make this assignment. This was clear-cut in cases of

internal RFI. For external RFI, the equipment that was susceptible to RFI
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wvas charged with the anomaly if it appeared that the equipment would not

have h@en susceptible had more adequate RFI protection beea provided. The
equipment generating the RFI was charged when it appeared that the magnitude
of the RFI was sufficiently high to penetrate normally adequate RFI protection
{n other equipment. The “Unknown™ category includes anomalies wvhere this
distinction could not be made. Making these assignments required assuamptions
when the dats did not specifically {dentify the offending equipment. These
assumptions were based on engineering judgment using the descriptions of

the anomalies.

Many of the RFI/EMI anomalies did not significantly affect space-
craft performance. Some, however, were serious. 1In geveral instances, RFI/EMI
caused significant losses of payload data. Also, in at least two instances
the offending equipment had to be turned off and the back-up units selected,
which resulted in loss of redundancy. Thus, it appears that in design and

testing, the generation of, and susceptibility to, RFIL/EMI warrants special

consideration.

6. Deployments '

On the spacecraft launches covered in this study sample, but

not including spacecraft already covered 1in previous studies and updated in
this sample, there were at least 71 deployment events. These events ranged

from solar paddle and boom deployments to extensions of long antennas, but

do not include separation or deployments favolving simply the “spring-out”

of short stub antennas and the like.

55




For these 71 deployment events, eight snomalies were reported.
Of these eight, only one involved a deployment failure, namely, the deployment
failure of the 10 meter, Z axis Vector Electric Field Instrument boom on DE-2,
This anomaly was attributed to an open in the power circuit,

The remaining 7 deployment anomalies are summarized as follows:

0 The SAGE S-band antenna required 40 minutes to deploy;

attributed to low temperature stiffness of a coaxial cable;

The LANDSAT-3 left solar paddle 21d not slew as expected

at deployment, possibly due to shadowing of a sun sensor;
LANDSAT-4 was initially unsuccessful in deploying the K,-band
antenna:

On MAGSAT, only 1 of the 2 despin timers functioned; timer

#2 never became armed, possibly due to higher than expected
thermal resistance between the fourth stage and the timer;

On NIMBUS~7, several squibs on instruments did not fire

until the firing commands were repeated;

On NOAA-7, an instrument earth shield door was slow to deploy,
possibly due to a mechanical hang-up;

The Voyager 2 Science Boom deployed to within 0,06° of the
correct position and did not latch; the two most likely causes
reported are debris in the folding strut hinge or insufficient
drive in the folding strut;

On Voyager 2, telemetry indicated that the RTG Boom Release
pyro-amplifiers "A” activated; but not the "B" set of amplifiers;
there was some evidence that a transistor in the output switching

portion of the pyro switching unit failed.
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E 7. Miscellaneous

g This subsection discusses four additional observations of
= intecest,

% (1) Self Healing: The apparent self-healing capability which

has been noted in previous data bank studies was again

observed. In the update sample, there were 14 instances

LT

of anomalous behavior that cleared up without any type of
intervention. These instances do not include "glitches”
that occur once or a few times and then go away.

(2) Array Temperature Sensors: During the course of this study,

it appeared that a large number of array temperature sensor
failures were reported. PFurther analysis revealed that six
such sensors had failed catastrophically, and that these
failures had occurred on HCCM, ATS-6, GOES-1, GOES-3, IUE,
and SMS-2,

(3) Plume Impingement: On previous data bank studies, anomalies

were occasionally noted involving impingement of the propulsion
plume on some spacecraft surface. Four such instances were
noted during this study; one each on GOES-4, GOES-5, Voyager

1, and Voyager 2. On the Voyagers, this caused 20% less AV

.l

than was expected, and subsequently more hydrazine use,
It was reported that post-launch analyses based on more
sophisticated techniques than had been applied earlier

produced results agreeing with the observed phenomena.
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(4)

Problems Corrected/Mitigated from the Ground: On all previous

data bank studies, instances were frequently noted where the
anomaly was corrected or mitigated by some action taken on
the ground. During this update, 75 such instances were
{dentified. These instances include oanly those where the
anomaly was actually corrected or the anomalous hardware
restored to acceptable status from the ground. Thkey do not
include commanding-in a redundant unit, comnanding the space-
craft back to the proper configuration following spurious
turn-ons/turn—offs by "glitches,” nor establishing procedures
to allow some unit to warm-up before use. Even with such
exceptions, the number of anomalies corrected or mitigated
from the ground in this sample is significantly larger than
the numbers noted in the past. There appear to be several
reasons for this, one of them being the more extensive use
of on-board computers,
This more extensive use of on-board computers presents more
opportunities for correcting anomalous behavior via on-board
goftware modifications that change operating points or pro-
cedures. It also increases the likelihood of anomalous
behavior due to software errors. Of the 75 cases where
anomalies were corrected or mitigated from the ground,
roughly 20% involved corrections to on~-board software

discrepancies.
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V. PERFORMANCE EVALUATION

Typically, spacecraft performance begins at (or near) its
design capability immediately after a successful launch and then degrades
over time as it incurs a wide variety of anomalies. A procedure to
quantify spacecraft performance, or capability, over time using the PRC
space data base was derived in Reference 11.

Each spacecraft anomaly in the data base is assigned to one of
five mission effect categories as described in Section ILI. The procedure
to quantify spacecraft capability begins by assigning a single numeric to

represent “average” spacecraft degradation in each category as shown below:

Mission Effect Degradation
l. Negligible 0.025
2. Non-Negligible but Small 0.20
3. 1/3 to 2/3 Mission lost 0.50
4. 2/3 to Nearly Total Mission Lost 0.80
5. Essentially Total Mission Lost 0.975

Thus, spacecraft capability starts at 1.0 and remains there until occurrence of
of the first anomaly, when it is assumed to degrade by exactly the percentage
assigned to its mission effect category. If this value is designated D;, then
at this point in time spacecraft capability is given by (1 - Dj). Spacecraft
capability is assumed to rc¢nain at this value until occurrence of the second
anomaly with degradation D3. Spacecraft capability is then assumed to be
given by the product (1 - Dy) (1 - Dg). In general, spacecraft capability

ie
(1 = Dyg)

o)
| ]
» 33
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upon the occurrence of the nth snomaly and remains at this level until the
occurrence of anomaly n + 1. Plotting these results provides a highly
visual indication of the degradation in spacecraft capability over time.
Integrating the resultant curve over the spacecraft's operating (or
design) life and normalizing provides a single numeric representing
average capability.
The procedure, while being easy to apply and useful in some
applications, may not always provide an accurate portrayal of space-
craft performance. It is the purpose of this subsection to examine four
specific reasons why this might be so and to suggest an improved procedure
suitable for general application.
(1) The criticality categories permit the
possibility of large accumulated errors
in the capability estimate particularly
for accumulations of trivial anomalies,
This criticism is particularly apropos for complex, well-
documented spacecraft. A case in point is NIMBUS-7, reported herein. It

has accumulated 53 category 1 anomalies and 8 category 2 anomalies for a

current estimated capability, using the current procedure, of

C = (0.975)53 (0.8)8 = 0,044,
The spacecraft in fact is operating quite well in spite of its
61 anomalies, much better than the capability figures of 4.4 percent
would imply. The solution to this problem lies in making a more accurate
assessment of the mission impact of each anomaly and carefully tracking
the cumulative impact of ail anomalies. The latter is a good deal easier
than the former. That is, deteraining the impact of each of the first

ten NIMBUS-7 anomalies is probably at least ten times as difficult as
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determining the state of NIMBUS-7 after the tenth anomaly. Careful
application of these two approaches, however should adequately overcome
this drawback.
(2) Assignment of anomalies to the categories
is highly judgmental with no formal rules
for making these assignments.

The informal rule for assigning anomalies to categories 1s to
establish the overall effect on the mission as 1f the anomaly had occurred
in isolation and at the beginning of the mission. Anomalies in redundant
units take into account the degree of redundancy available upon their
occurrence. Otherwise this approach does not include cumulative or
cancelling effects of anomalies. While the assignments are judgmental,
it 1s fairly easy to make the right assignment because the five categories
are fairly broad and are tailored to the actual results observed in practice.
Furthermore., there 1s no totally objective way to determine the impact of most
anomalies. TV pictures or communications lirks that are degraded or fuzzy or
intermittent, etc., are common anomalies for which this is true. Furthermore,
the apparent objectivity inherent in "40 frames of data lost™ or "2
transponders failed,” etc., may be more illusory than real, requiring
agreement that all frames/transponders are equal and so on. The impact of
anomalies on scientific missions is generally even more subjective,

One approach to this problem might be to have an expert (or
experts) assign the anomalies to their mission effect categories and justify
each assignment, in writing, on the basis of all available {nformation.

It might also be possible for the expert(s) to prepare ground rules

for anomaly classification and then to review the results for realism.
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(3) The aethod for coabining the effects of anomalies
(i.e., a8 products), vhile mathematically advan-
tageous, appears deficient in describing the
performance.

The best way to determine how deficient this method is, is to
compare its application with the actual curve. But if one had the actual
curve there would be no need to apply the method at all. Thus, deriving
an actual curve, or at least one approaching as closely as possible to

the actual, would obviate this problem.

(4) No distinction 1is made between engineering
performance and science performance.

Assume that each spacecraft can be rather neatly divided into
two parts. Ome is the basic bus; the structure, power supply, attitude
control, communications, thermal control, etc.; and the other is the payload,
e.8es multi-spectral sensor, TV cameraa, magnetometers, etc. Given this
division, it would be of interest to know how well the bus was perforauing
(engineering performance) and how well the payload was performing (science
perfornance). It is entirely possible, of course, that under particular
scenarios of redundancy, load sharing, and work-arounds that both bus and

payload could be doing rather poorly while the mission itself was being

accomplished quite ectisfactorily. Thus, the distinction between engineering

and science performance might best be drawn by making three evaluations
upon the occurrence of each anomaly, i.e., its mission effect, its payload

effect, and its effect on the bus.




An Improved Procedure

Combining these responses into an overall procedure would not only
avoid the four drawbacks discussed above, but would also provide a generally
superior way to assess spacecraft capability as a function of time. Specifi-
cally, the new procedure might consist of the following steps. (1) Assign
“experts” to implement the procedure for each spacecraft or to review the
results of more general practitioners. (2) Have the experts and/or
practitioners gain familiarity with the total spacecraft design, mission,
results, and anomalies. (3) Assign to each anomaly three cumulative degrada-
tion factors to the nearest percentage point, oune for the mission, one for the
payload, and one for the bus.* Since some anomalies have a degradation effect
over time it will probably be useful in most cases to also assign cumulative
degradation factors at some convenient time intervals gsuch as every 1000
hours or every quarter. These assignments would be an evaluation by
experts or practitioners of the cumulative capability lost at a given
point in time for the total spacecraft, the bus, and the payload.

(4) Provide a written justification for each assignment. (5) Plot the

resultant curves and normalize as before.

*Note that it may also be necessary to introduce a factor
to account for self-healin; and hence improvements in capability.
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We, as practitioners, attempted to &pply the procedures to SAGE
(AEM-2), a fairly simple spacecraft with a fairly straightforward aission
profile. The results were not encouraging. Estimating the actual impact
of each anomaly has proven to be time consuming, difficult, and ultimately
arbitrary in large part. This may be due simply to our iack of in-depth
familiarity with the system and its mission. Real experts operating more
nearly in real time might ease the process considerably and provide more

accurate results. 1

Our attempt to implement the procedur: is documrented in
Exhibit 11. The results for the mission are plotted in Exhibit 12 5
together with the results of applying the current methodology. It is
assumed in both exhibits that the mission degradation is linear, going
from 50 percent after the battery ancmaly (2050 hours) to zero at the end

cf the mission (25,270 hours).

Y

The proposed method gives an average capability over the space- f
craft's operating life of 54 percent; the current method yields 18 percent,
The design life for SAGE is 12 months. Average capability over this
period is 76% using the suggested method and 28% using the current method.
The differences are clearly significant. How general this phenomenon
is with respect to other spacecraft is unknown.

The improved procedure is obviously a good deal more time
consuming than the current one. The difference is almost totally in the
derivation of the :hree cumulative degradation factors together with the
written justifications required by the improved procedure. In the
current procedure this is a simple exercise in multiplication. While it

will take some experience in the application of the improved method to
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‘

determine how long it would take, s rough estimste that seeas reasonable
to the authors is 15-30 minutes per anomaly, if the procedure is
implemented at the time the EARs are generated or by someone who is

already intimately familiar with the spacecraft, ite mission, and its

anomalies.
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APPENDIX A

DATA BANK COVERAGE FOR THIS UPDATE

The chart in this appendix lists the spacecraft for which
i{nformation was added to the data bank by this study.

FPor each spacecraft, the chart shows the number of the engineering
analyses report (EAR) that backs up the data in this report and gives an
{ndication of the degree of completeness of the four major tables in the
EAR. Information for Table III (parts counts by major components) was not
actively sought in this study and that for Tables V and VI (developmental
and prelaunch activities) varied from essentially none to fairly comprehsive,
Information on developmental activites, however, was not generally available
from those sources that provided the spacecraft operational data and a
gseparate collection effort was not undertaken to seek information of this

kind.
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APPENDIX B

BASIC DATA TABULATIONS

This appendix is divided into three tabulations. Appendix B-1

sunmarizes each anomaly ia the update. Appendix B-2 contains classification

codes for each anomaly using the "gtandard” approach applied to all previous
collections. Appendix B-3 contains additional classification codes applied

in this study. Sections IIL.A and IIL.B i{n the main body of this report

-y Y

define the various codes and discuss their application to the spacecraft

anomalies. For convenience, the {dentification of the anomaly characteristics

and the alpha-numeric codes employed are repeated just prior to the two
tabulations of Appendices B-2 and B-3. :
Appendix B-1 contains, in tabular form, the primary data upon
i which this report is based. All 606 satellite anomalies are listed by
spacecraft, in order of elapsed time to occurrence and contain these data i

elements:
o Time-to-occurrence of anomaly in hours. A time t is

assoclated with the launch interval, prior to injection
{nto orbit. The symbol denotes either unknown time
or intermittent occurrence.
0 Three short phrases indicating the description of the ‘
observed anomaly, its suspected or known cause, and the
effect on the mission objective(s).
o Corrective actions, both in-orbit or for subsequent
launches, 1if known.
o Brief remarks, if needed to place the anomalous

incident in context.

PRECEDING RPAGE BLANK NOT. FILMED
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The sequential coding index of column 1 provides a means of cross-
referencing to the classification codes of Appendix B-2 and B-3. These two
appendices should facilitate any further classification or analysis the
reader might wish to undertake.

Appendix B-1 begins on Page 83, Appendix B-2 on Page 155, and
B-3 on page 175. A list of acronyms used in the anomaly summaries and

their definition follows for the convenience of the reader,
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ACS
AGC
APU
AVHRR

BCS
BOT

C&DH
ChA
CDIU
CIu
COMSTOR
C/P

CpU

CTU
CzCs

DAPU
DCPR
DCS
DDP
DIP
DSAS
DTR

ECAM
ERB
ESA
ESMR

FCS

GCMS
GEODAT

HAO
HDRSS
HEPAD
HET
HIRS
HRIR

InC
IMU

LAPL
LIMS
LSAD
LVDT

MSS
MSU

Attitude Control System

Attitude Gain Control

Auxiliary Processing Unit

Advanced Very High Resolution Radiometer

Bent Crystal Spectrometer
Beginning of Tape

Command and Data Handling
Command and Data Acquisition
Command and Data Interface Unit
Controls Interface Unit

Command Storage Module
Coronagraph/Spectrometer
Central Processing Unit

Central Telemetry Unit

Coastal Zone Color Scanner

Data Acquisition and Processing Unit
Data Collection Platform Receiver
Data Collection System

Digital Data Processor

Digital Information Processor
Digital Solar Aspect Sensor

Digital Tape Recorder

ERTS Command Auxiliary Memory

Earth Radiation Budget

Earch Sensor Assembly

Electrically Scanning Microwave Radiometer

Flat Crystal Spectrometer

Gas Chromatograph Mass Spectrometer
Software

High Altitude Observatory

High Data Rate Storage System

High Energy Particle Detector

High Energy Telescope

High Resolution Infrared Sounder
High Resolution Infrared Radiometer

Image Dissector Camera
Inertial Measurement Unit

Low Altitude Plasma Experiment

Limb Infrared Monitoring of the Stratosphere
Left Solar Array Drive

Linear Voltage Differential Transformer

Multispectral Scanner
Microwave Scanner Unit
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NBTR
NEMS

OAS
OBC

PAS
PCL
PCM
PCS
PMT

RBV
RCS
RIU
RMP
RTG
RVDT

SAD
SAM I1
SAMS
SAR
SASS
SBUV
SEM
SIRS
SMART
SMMR
SNR
SR
SRR
SSCA
SSu

TCE
TED
THIR
TIP
TOMS
TWERLE

TWTA
VAS
VEFIL
VIP
VIRR
VISSR
VIPR

WBVTR
WEFAX

Narrow Band Tape Recorder
Nimbus—-E Microwave Spectrometer

Orbit Adjust System
On-Board Computer

Panoramic Altitude Sensor
Program Control Logic z
Power Control Module 3
Pointing Control System
Photomultiplier Tube

Return Beam Vidicon

Reaction Control System

Remote Interface Units ~
Rate Measuring Package :
Radioisotope Thermoelectric Generator 1
Rotary Variable Differential Transformer |

Solar Array Drive

Stratospheric Aerosol Measurement II
Stratospheric and Mesopheric Sounder
Synthetic Aperture Radar
Scatterometer

Solar BRackscatter Ultraviolet Energy
Space Environment Monitor

Satellite Infrared Spectrometer
Housekeeping Software

Scanning Multichannel Microwave Radiometer
Signal to Noise Ratio

Scanning Radiometer

Scanning Radiometer Recorder

Surface Sampler Control Assembly
Stratospheric Sounding Unit

Thermal Control Electronics

Total Energy Detector

Temperature/Humidity Infrared Radiometer

Tiros Information Processor

Total Ozone Mapping Spectrometer

Tropical Winds Energy Conversion Reference Level
Experiment

TWT Amplifier

Visable Infrared Spin Scan Radiometer Atmospheric
Sounder

Vector Electric Field Instrument

Very High Resolution Radiometer

Versatile Information Processor

Visable and Infrared Radiometer

Visable Infrared Spin Scan Radiometer

Vertical Temperature Profile Radiometer

Wide Band Video Tape Recorder
A Satellite Weather Facsimile System
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-4

II.

11I.

Iv.

v.

ANOMALOUS INCIDENT CLASSIFICATION CODES, STANDARD APPROACH

Mission Subset

U. Unsuccessful Launch

S. Spacecraft with No
Anomalies Reported

Spacecraft with
Anomalies Reported

Mission Term

L. Long Tera

S. Short Term

Mission Phase

L. Launch and Acquisition
0. Orbital (Steady-State)

Q. Unknown

Mission Effect

1. Negligible
2. Non-Negligible but Small
3. 1/3 to 2/3 Mission Loss

4. 2/3 to Nearly Total
Mission Loss

S. Essentially Total
Mission Loss

U. Unknown
viI.

Spacecraft Subsysteas

a. Timing, Control and
Command

b. Telemetry and Data
Handling

156

c. Power Supply

d. Attitude Control and
Stabilizetion

Propulsion
e. Environmental Control
f. Structure

g. Payload (Experimental
and Scientific)

h. Unknown

Incident Type
E. Electrical

Mechanical
0. Other

U. Unknown

B. Incident Type

C. Catastrophic Part
Failure

0. Other Part-Related
Incident

Non-Part-Related
Incident

U. Unknowm

Incident Cause

A. Assignable
N. Non-Assignadle

U. Unknown
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ANOMALOUS INCIDENT CLASSIFICATION CODES,
ADDED CHARACTERISTICS

X. Anomaly Cause

Space Environment

On-Board Software

Design, Other

Quality Control/Workmanship
Contamination

Catastrophic Part Failure
Catastrophic Circuit Failure
Catastrophic Component Failure
Catastrophic Black Box Failure
Unknown

TOTAL
Anomaly Type

S. Systematic

w. Wearout/Aging/Depletion
C. Chance

G. Glitch

u. Unknown

TOTAL

XII. Testability

Y. Yes
N. No

M. Maybe
o. Unknown

TOTAL
Source

1. Part

2. Circuit/Subassenmbly
3. Component

4. Black Box

S. Subsystem/Interface
6. Interaction

7. Unknown

TOTAL
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APPENDIX C

PERFORMANCE SUMMARIES

This appendix presents spacecraft and major spacecraft subsystem
performance summaries in graphical form. Appendix C-1 contains one chart
per spacecraft, although some charts run to two or even three pages. Each
chart identifies all of the spacecraft's subsystems and payloads. It
further identifies each anomalous component within the subsystem or pay-
load. All anomalies are identified on the chart at the time they occurred.
Those that caused complete failure of the associated component are denoted
by a circle; all others by triangles. Anomaly indications in the "Unknown
Time of Occurrence" column are of essentially negligible mission effect
and occur at some undocumented time(s) or are present throughout the
mission. Survival times are also given for each subsystem and anomalous
component. When an anomalous component is redundant, the survival times
are given for the redundant units even 1f they have no anomalies. Other
components without anomalies are not listed.

Appendix C-2 arrays significant anomalies and failures by major
spacecraft subsystems. Since each program has a somewhat different
breakout of subsystems, we have standardized on the eight defined in sub-
gsection III.A.5. In addition to being ordered by subsystem rather than
spacecraft, this appendix differs from Appendix C-1 in two ways. First,
only "significant' anomalies are included. These are generally those
categorized as having a mission effect code of 2 or greater (see subsection
I11.A.4) although all anomalies in redundant units, whose mission effect

is negligible because of the redundancy, are also included. The second

191




major difference is that time, rather than being plotted in hours as in
Appendix C-1, is plotted in terms of spacecraft design life. For the
major subsystems (Timing, Control-and Command; Telemetry and Data Handling;
Power Supply; Attitude Control and Stabilization; and Payload) an entry is
made for each spacecraft whether or not it had significant anomalies in
the svbject subsystem. Note that an entry of "No significant anomalies"
means or: that subsystem only. The Structure subsystem does not appear
since there were no significant anomalies in this subsystem in this update.
Furthermore, for the Propulsion and the Environmental Control subsystems

only those spacecraft are listed which suffered significant anomalies in

these areas.
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ey

ORIGINAL PAGE IS
OF POOR QUALITY

1

3 PERFORMANCE SUMMARY FOR AE-5 N
Time of Occurrence Time of
Subsystem and (Hours from Launch) Occurrence \
Anomalous Component(s) Launch 10 100 1000 100000 Unknown
i i : :
Basic Spacecraft: i : E ;
H : 3
.®
o Attitude Control b------.--------------------
1
H ‘3
Body Horizon Sensor ' —-Q _; - :&--nﬂ .
o Command .-.-.--..---u--.nnnnnnq------.h.-.-t
. i H
Command Memory #1 c‘: - <&
ﬁ $
Command Memory #2 b— - @
.
L3
.
o Communications & ---.---q-------------- ------q.--.-#
Data Handling } H
! H
o Orbit Adjust Pro- Ap--------------.------q------ﬂ.--.-t
pulsion System H
[ N
.
o Pover F--.---.--------------“-----.“-“-‘ A
1
Pover Supply A &
Electronics b
N 3
H
- ° :0;“ Pointing AN SEANENEEEESNSRGUNaEEEERPsEang
. ubsystem
o Thermal Control -------d-----’----------------’----6
e
o Engineering --m----ﬁ---------------------q-----‘
Instruments
Payload:
o “evtral Atmosphere -------Q-------nﬁ--.------wn--nq
Composition (NACE) :
L3
o Backscatter Ultra- :-------*.---U--P------ aSasEss ﬂ---l.
violet Spectrometer H i :
(BLV) i | i H
Design Life: :
8,760 hours :
(1 Year) H
H
End of Data:
- 48,672 hours;
#E-5 reentered
atmosphere
Legend: ’

O indicates that this anomaly is a failure, where failure is defined as the event that renders the subsystem and/or
component unusable. E .

A indicates that this anomaly is not a failure.

PRECEDING PAGE BLANK NOT EILMEQ
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ORIGINAL PAQGE 1S
OF POOR QUALITY

PERFORMANCE SUMMARY FOR AEM-1 (HCCM)

Time of Occurrence Time of
Subsystem and (Hours from Launch) Occurrence
Anomalous Component(s) Launch 10 100 1000 10000 105000 Unknown
¢ H i i S -
S H H H i
Basic Spacecraft: H | ]
H H H - 3
o Attitude Control r----.---n-----T-I----*--.--‘P
Digital Sun Sensor 4_: H :0-9--.
: Y H H
o Power Supply ;- -----q-------T-------p-----,'q.-
Battery [ T - i\'ﬁ‘.‘lf
o Command & Data A-------h------q---ﬂ--t-----dﬂ--
Handling H
S-Band Transponder A— _.,
Telemetry Encoder A-“ P ___LA_
Spacecraft Clock b-------- - - - JaN
*
o Orbit Adjust System a--------------q-------.-----é.-q
: S i
o Thermal Control ;- -u---J-------#-------p--m-- -
3 H
o Structure § ------‘--------------”-3 9
Pavload: : : i |
1
o Heat Capacity Mapping TEEDERESEBRE C T T H A j
Radiometer i -
i
{
L
Design Life:
8,760 hours
(1 Year) 1
!
End of Data: {
21,290 hours; ;
HCCM deactivated. i
Legend: :1:
\

O indicates that this anomal; is a failure, where failure is defined as the event that renders the subsystem and/or
component unusable. .

— A indicates that this anomaly is not a failure.

P 7 T

P
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ORIGINAL PAGE |5
OF POOR QuALITY

PERFORMANCE SUMMARY FOR AEM-2 (SAGE)

Time of Occurrence Time of
Subsystems and (Hours from Launch) Occurrence 4
Anomalous Component(s) Launch 10 100 1000 10000 100000 Unknown
H s 4 _— ’
H H . b
Basic Spacecraft: i i : ?
H [ 3
H 3
© Attitude Control b------&------ﬁ---n-.--w-g' ¥
i s e 1
Horizon Sensor } % R | )
Scan Wheel 1 0 ‘*;- § :
3 °
*
o Power Supply -------f-------------q------b -é ,-
. “
Bltteryy 1'5 o\ ! O ;
t ] ‘:
Voltage Limiter ('S H H +
i 1 H :
o Command & Data .-.-...*-.----“.-----...---..2““‘
Handling i ,
Transponder ,i
Command Memory DA '
© Thermal Control /T‘------p------—------------*:—q ‘
H H e °
H H H e .
o Structure EOEREaGEEAECsNUEYSRERSREEReREEef
Magnetometer & -
Antenna Boom i
Payload: '
o Stratospheric f.------.--------------q-----*m
Aerosol and Cas
Experiment
Design Life:
8,760 hours
(1 Year)
End of Data:
25,270 hours;
mission terminated due
to battery failure.
B Legend:

O indicates that that this anomaly is a failure, where failure is definec as the event that renders the subsystem
and/or the component unusable.

A indicates that this anomaly is not a failure.

1/ Bzttery capacity started to degrade at 2050 hours and failed completely at 25,270 hours.




Subsystem and

Basic Spacecraft:

o Structural

o Power

Batcery #1

Battery #2

o Clock

Tiser Tuning Fork
Oscillator

o Command

¢ Telemetry

o Communications
Receiving Antenna
Integrated

Transponder and
Antenna Electromnics

1]

Phased Arrav Support,
Spis Control and
Stationkeeping

Pavlcagd:

¢ Meteorclogical IV
Exveriment for ATS-B
Spir S:zan Cloud
Camera

o VEF Communications
Experiment

o

Nutation Measurement:

o Res:istojet
Exzsriment

o Environmental
Measurements
ltperiments

Legend:

comronert unusable.

PERFORMANCE STROMARY FOR ATS-1

Launch 10

(Bours from Lsunch)
100 1Q00

Tize of Occurrence

100000

RS A NS S S S

rescessess : !
“.--.’m-..-f'-—é
------.-----’-------h-m- -.h: .-* :
------h-----d-----*---.-- .*..-*:

poa()

3

Ins Indicates that this anomalv i. not a failure.

p--t!----‘-------.--------m-—<>

[

198

------q-------T--*--‘

i
i i

Design Life:
26,280 hours
(3 Years)

*----—-d--u----&i..----.------—p---.w

'llllllllllllll‘lllIIIIIIIIIIIIIIIlllIlIIIIIIUIIIIIIIIIIIIIIIIIIIIIIIIIIIII'!

eSS aarSEeETEEE NS e® Ennmet

Time of
Occurrence

> D

End of Data:
144,639 hours;
end of report
studv period--
ATS-1 1s still
operating.

(:)indicnres that this snomalv 1s a fatilure, where failure is defined as the event that renders the subsvatem and or




ORIGINA
CF FroCR

Sudbsystem and

?fxuh e

claLTy

PERFORMANCE SUMMARY FOR ATS-3

Ancmalous Component(s) Launch 10

Basic Spacecraft:

0 Structural

o Power
Battery 4]
Battery #2
Solar Arrav

¢ Clock

o)

Comnand

o Telemetry

o Communications
Integrated
Transponder and
Antenna Electronics
Transmitter #1
Transmitter 42
Transmitter 43
Transeitter #4

© Mechanical Antenna
Support Spin Control
& Stationkeeping

Pavload:

© Metecrological Vv
Svster

© Nutation
Measurement s

Scientific 1
Experiment--
Reflectometer Motor
& Motoer Control

o VKF Communications
Exreriment

C© Resistciet

Scientific 111
Experirent--Self-
Containecd “avigation
Svster

2

&c.cqg:

A

component unusable.

indicates that thig an

Time of Occurrence Time of
(Bours from Launch) Occurrence
100 Unknown
Lo [ 1] Ll [ ]
L [ [ ] aaeaaw L T [ ]
L L L [ [ T L L L 7 L [ [ [ l.l.l.l..ll.ll*.ﬂ'l.!.ll R
> .
.
'ﬂ..l.l..ll. L L LT UL 1 1 "1™ L [ [ [ T ..ll!l‘l.l...
i H :
LU L L I T T T T T Ll 1 I T T 1) Ll L I T T I.II'.
.
LU L L L L L T T T T LL T T T T L [ [T 8

-----* A

ree=O

AA

hll'llllllllll‘lllllllllIIIIIJIIIIIIIIIIIIII‘IIIIIIIIIIIII

I

i

LU TaY ------1-------

ST N

Sesese@ienans -------h--—-() g

omalv {g o failure,

r------p------d-------

vhere failure 1s defined ax the event that

(:) indi. ates that t 1s snomalv 1s not & faflure.

h------Q------J—------.Apcnﬂj-h--

i-------h
i i
f

]
J

199

Eeossseskeshess

i
H

R

|
Design Life:

26,280 hours
() Years)

1

-L---ﬁ

i--------L-----ug

T A

p---F

End of Data:
129,061 hours:

period--ATS-3 4«
st1ll operatin,.

render: the subsistew and ‘or

end of repor: stug

i ————




PERFORMANCE SUMMARY FOR ATS-5

Time of Occurrence Time of
(Bours from Launch) Occurrence

Subsystem and
1000 10000 100000 Unknown

Anomalous Component(s) Launch 10 100

Basic Spacecraft:

o Structural r------ OSSO SN0 S0NESUE BN e
-

o Pover L L L L L SeDeNSEueemE L1 L L L

Solar Array #1

Solar Arrav #2

ST TTURRTET TN N NIRRT iaRmg em e

A
Battery #1 (A A
Battery #2 T T-
Bus Relay a
o Clock SNSRI ESRESESREEEGME ashess
H H
o Command b------ cryr et R U D D D -“.
. .
o Telemetry L-------h---.-. 1 1 1 1 ] J [ I r 1 [ 1 [ 1 [} --..§
i i .
1 .
o Communications P-------‘------ C 11 ] 1 1 ] soesesYynsdoaeel
Integrated :,— A
Transponder &
Antenna
Transmitter
Electronics
L-Band TWT #1 ] -
L-Band TWT €2 -
L-Band TWT 43 penean O
L-Band TWT #4
o Inversion .-------T------“----.-r------ --‘---.‘
H
1 H
o Stationkeeping Seesesederslas N aaseenl Eeeseearandeans
= Pavload:
o Xutation 45------d-------h---------------—--q
Measurements
o Resistojet COSEeSNNEEEEEEEETUONaEINaan® suinees
b
.
[
o Lightweight Gravity -------*--.---- rrrr 0 UL 1 11 [ 1 23
Cradient Experiment
o Environmental coenesdeNsleEalesena@esaanean naiysan
: Measurement
- Experiment
=
4 c Millimeter Wave (T 1 D [ [ 1 J 01 1 1 1 [ ] L 1 [ [ 1 ] ------q--“---
:’ Experiment H
!’ o Television -------T------- cssveshessesssnunsses;
-
=
4
‘ Design Life:
26,280 hours End of Data:
(3 Years) 99.73« hours:
end of report
studv period--
- ATS-5 underwent
end-of-11fe tests.
Legend: ="

Oindlutu thet this anomaly is a fatlure, vhere failure is defined as the event that renders the subsvatem and/or
component wnusable.

A indicates thet this enomaly is not o faflure. 200




Anomslous Component‘’s)

2 ‘s;
RIGINAL PAGL
?)F POOR QUALITY

Subsysten and

Basic Spacecreft:

5 Attitude Control

#] Digital
Operstional
Controller

2 Digical
Operational
Controller

Analog Backup
Controller

Yav Inertial
Reference Unit

Actuator Control
Electronics

Earth Sensor
Assemblv

Polaris Sensor
Asseablv #i

Polaris Sensor
Assembly #2

Interferometer
sesd’

SFPS #]

SPS #2

Structute

Earth Viewing
Module

Paradelic Reflector

Thermal Contrel

Optical Solar
Reflectors

Heat Pipes--
Ameonia

Antennas

Legend

PERFORMANCE. SUMMARY FOR ATS-o

Time of Nccurrence

Time of
Occurrence

Launch 10

Imocones

LA A

(Wours from Launch)
100 1000

B T T

Unknown

a\a
i & o

b 4 :-r---qﬂL_

e A 2

S
4/

AT

a---l

PI‘:’IIIII.

P-----_------ ossooheheoneass

-----4

1

AA

------l--¢

-----A------ C b 1 ]

csssssgyedons

cocsedlee

wmed

esseas ------T----O—TA-----THO#

Design Life:

17

+520 hours

(2 Years)

End of Datas:
5,350 hours;

ATS-6 mission terrinate!.

O indicates that this snomaly is a fatlure, where fatlure 1o defined as the event that renders the subevstem and or
component unusable.

A indicates that this anomaly 1s not & faflure.

SPS o Spacecraflt Fropulsion Subavstem,
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ORIGINAL PAGK 18 !
OF POOR QUALITY *

PERFORMANCE SUMMARY FOR ATS-6
(Continued)

Time of Occurrence

(Wours fros Launch)
1 ]

Time of
Occurrence
Unknown

Subsystem and
Anomslous ent (s

~ 10000

el

C-Band d *
Transmitter #2 !

S-Band F - -
Transaitter #1

S-Band
Transmitter #2

Launch 10 100000
(Basic Spacecraft,
continued)

o Communications

L e 4 e < s

C-Band
Transmitter f1

L-Band N odm
Transmitter #1

L-Band
Transmitter #2

ST Transmitter #1

UHF Transmitter #2 00 o0 a0 60 o0 W 0 0B B - B

Svnthesizer f1

Svnthesizer #2 I 1] - -- - o
L
.
1F Amplifier #! s oo o0 o0 0 o o cijen @ AL
IF Arplifier #2 beosacaes - b ﬁ
IF Amplifier #3 - a
Monorulse o o e .& e o o
Equipment
5
HETS/ Equipment pan - _ﬁ—---ﬁ'ﬁ'--ﬂ-‘--i
Radic Beacon YT L LT T coef\=e
Electronics
RT! Experiment -a I 1 J
fquipment H
. Telemetrv & Command L------ sy ST LT L D DT DL L L L *-ﬂ
1 H
Ve
DACEE e Y L L - cnaascdeeanye -
.
DACU 2 coe oo ?. -ﬁ
*
Spacecraft Clock . o 05 6B 4B U0 N ¢0 5 8 & - - A
- H
H
L3
\ =
| :
| Design Life: $
17,520 hours 3 End of Data:
‘ (2 Years) %,360 hours
| ATS-6 missicn terminated
Legend -

O indicates tht thas anomaly in & failure, vhere fatlure 4o

component unusable.

A indicatee that this sanomaly is not s failure.

i DACL - Data Acquisition and Control Unft.

1/ WET o Nigh tnergy Teleacope
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ORIGINAL pag
E IS
OF POOR QuaLiTY

PERPORMANCE SUIQARY FOR ATS-6

(Concluded)
Tise of Occurrence Time of
Subsystes and _(Moyrs frow Lgunch) Occurrence
Launch 10 100 1000 10000 100000 tnknown

(Basic Spacecraft,
continued)

{ o Pover frppmpeseE s T T T
3 Solar A-rav ¢l y
Sclary Arrav 02 - l
Shunt Dissipators -----c..-
; Battery #i
! Batterv 2 -
Pavivad: '
o GFF Experiments F----.--?------ T rr o

lon Engine #1 - -.O

lon Engine 0. }
e Low Energy :b

Protons Electrons

Experiment

l‘CS!v" ‘ Aurorsl - #--ﬂ---

Particles
Experiment

)

3/
UCLA- Magnetometer A e A -------% -
Experiment

University of scse\mes - e
Minnescta Electron/
froton Spectrometer

Hughee Afrcraft - ------4-*-1-
Solar Celd
Radiation Experiment

Aetospace Corporation
(mntdirectional
Spectrometer

¢
.

4
VERR® - O
vuarte Crvstal - afsses e A
Microbalance 9
Millimeter Wave - é--"-------‘w-q.

txperiment

Dasign Life:
2.520 hours

(2 Years) End of Dats:

45,360 hours,
ATS-6 mission terminated.

Legend-

O tndicates that this anomaly is & fatlure, vhere failutc is defined as the event that renders the subsvater and’of
component unusable.

A indt. ates thet this anomaly ia not a failure.

f

(MN o tntversity of N.:V-N::v—l'hln,

UCSD e University of California, San Diego.
VCLA = Untversity of California, Los Angeles.
VHRR o Very Migh Resclution Rediometer.

PN T
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PERFORMANCE SUMMARY FOR DE-1

ORIGINAL PAGE IS
OF POOR QUALITY

‘Time of Occurrence

Subsystem and

(Mours from Launch)

Anomalous Component(s) Launch 10 100 1000 10000 100000
i i i
Basic Spacecraft: H j !
H
o Attitude Determina- SONeOETNeSERBeVeen L L]
tion and Control i i
i
i
Digital Solar L F L -
Aspect Sensor
o Power [ L1 1 [ 1 ] -------L--.--- -.----3
o Communications L L L [ 1 1 1 1 [ 1|/ R R ----.‘
S-Band Transponder - -ﬁ.@-d-i
o Command & Data (L LT [ [ [+ -----n-‘------i------:
Handling
Command and Tele- #
metry Processor
Comnand Memory . - .. .. L T T T3
Time Base - - amoeef\w
Command 1*-- -
Distribtution Unit
Remote Telemetry e e Y T 1 LALA
Module
o Thermal Control -----.--.----..-h.--li--.-----
Active Portion e - -
Louver Pup—— : A
Controllers ; 3
o Structure --.----'------------U-----.--
Payload:
© Triaxial Fluxgate TesssssdenssrsepeseessndsRenwst
Magnetometer
* Plasna Wave Instru- Ol ESEESS BTSSR
ment with Stub Boom :
Assembly
o High Altitude Plasms IDEGSGSleETUEEEGESESasgney pes:
Instrument }
o Retarding lon Mass h------‘-.---------- [ L 1 1 | ]
Spectrometer
o Spin Scan Auroral ---.---.------.------.+-----§
Imager H
: ! H
o Energetic lon Compc- IIEGEEGGGESESSSAESSeRENEeSNeS
sition Spectrometer f i
End of Datas:
8,690 hours;
end of report
study perfod--
DE-1 {s still
operating.
Design Life:
13,140 hours
(18 months)

Legend:

Time of
Occurrence
Unknown

Osndtcnu that this anosaly §e & fatlure, vhere failure is defined as the event that renders the subs: stes and/cr

component unussble.

D tndscates that this anomaly is not & feflure.
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- " R O LA Sleiiie sl
-
T

LS
ORIGINAL PAGE IS
OF POOR QUALITY PERFORMANCE SUMMARY FOR DE-2
Time of Occurrence Time of
Subsystems and (Hours from Launch) Occurrence
Anomalous Component(s) Launch 10 100 1000 10000 100000 Unknown
Basic Spacecraft:
¢ Attitude Determina- :.--.---”--..-- ’---m L1 1 ]
tion and Control
B
E Digital Solar O
E Aspect Sensor
Pitch Control -yt
= Electronics T :
. i
E o Pover p------q-------.-----u*----
= !
= Battery Charger | —
! #1 i
- Battery Charger j -y
4 b o
:-, » Communications h------’----.---------—---"
i
C S-Band Transponder -------.-----# H __J#
[7 Command & -------‘-------.------—-----
f Data Handling
= Command and Tele- - -eiem
metry Processor
Time Base - :A
Remote Telemetry Swew
Module
Word Enable g W
Distributaion pEmm—-
Circuitey ¢

0 Thermal Control p---------------------------- '

o Structure

h--------------J-------.-----—:;

Cavload:
= Fluxgate Magnetometer t---------.---------------.-.-'_f
| Langmuir Probe LU L LD LT 1 T ----.-------‘E
i
} o Neutral Atmospher. L------.-.------ ------------‘§
Composition i
| Spectrometer 3 i

| o Vind ¢ Temperature T T T L T T pppm——
| Spectrometer

End of Data:
8,690 hours;
end of report
study period--
DE-2 is atil)
operating.

THUr w wiwy 1

Design Life:
13,140 hours
(18 months)

Legend:

O indicates rthat this anomaly 1s o failure, where fatlure s

defined as the event that renders the subsystem and/or
component unusable.

A indicates that this snomaly s not & fafjure.
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ORIGINAL PAGE IS :

(Continved) 4
Time of Occeurrence Time of
Subsystes and Boury fr h Occurrence ;
Amonslous Component(s) Leumch 10 ] 10000 185000 Unknown !
(Paylosd, contimued) ) i
o lom Drift Meter t------—! SUeONaOPeeeeEsen .I-j ‘
o Beterding Potentisl aesoaaeRssRsf\sesessonspasy : 3
Anslyzer : ;
A
o Fabry-Perot POEODNENEDITOSOEARISIOENBDE B
laterferomater L I
© Lov Altitude Plasma SOSOESESeETENetessenadaonad\m
Instrument
o Vector Electric crrryy e et d 0L Ld gy
Field Instrusent H i
i
E
Ind of Data: s
8,690 hours;
end of report
study period-- ‘
DE-2 s otill ;
operating. ]
Design Life: L
13,140 hours
(18 months) .
Legend: 4
1
O indicates that this anomaly is 2 fdflure, vhere failure is defined ss the event that renders the subsystes and/or 4
component unusable. %

A indicates that this anomaly 1s not a failure.
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Subsyste=m and

Anoaalous Component(s)

Basic Spacecraft:

0 Attitude Determina-

tion § Antenna
Control

o Auxiliary

Propulsior

Thrusters

1/

o Apogee Boost Motor—

o Power

So.ar Array

o Telemetry & Command

Telemetry
Encoder #1

Telemetry
Encoder #2

o Communications

VHF Transmitter #}

VHF Transmitter #2

S-Band
Transmitter #!

S-Band
Transmitter #2

UHF Antenna

Pavload:

2/

o VISSR-

¢ Spcce Environment

Moniter

Energetic Partic'e
Monitor

Legend:

PERFORMANCE SUMMARY FOR GOES-1

ORIGINAL pagEg
OF POOR QuaLry

Time of Occurrence Time of
(Hours from Launch) Occurrence
Launch 10 100 1000 10000 100000 Unknown
WIIIIIIIIIIIIIIIIlllllllIIIIIIIIIIIIIIIIIIII'IIIIIIIIlllllllllllllilllll
R DD D AR D B D (D I (R 0 00 (R AR 4B 4B I () 6 1 ) ) S 0 I U I U S ) D O B
Fllllllllllll!l'llll
i i
&IllllllllllllillllIlllIlllllllilllllllIIIIIII’IIIIlllllllllI'lllNll!llllI
i ! ! i :
, - “ b mente A
t { H

llllIlIIIlllll;lllllllllllllll‘lIlllIllllllll‘llllIIIIIIIIIJIIII&INIIIII‘

- O

-IIIIIIIIIII!IIIllllllIlIIIIIlIIllIlllllIlllIIllIIIIIlllllllllllll!’llllg

p— e

B ob = o om amien

- e onj om am

i

-------.-------r--::-.-.---“”-%q

.IIIllllllllllllIIIlIlllllllll‘lllllllllllll :IlIlllllllllllllllll‘bllll:

(:) indicates that this anomaly is a failure, where
component unusable.

l& indicates that this anomaly is not & failure.

o)

/
/

- T E -n--c!:,i---lqllunli
i
Design Life:
26,280 hours
(3 Years)
End of Data:

5$7.290 hours; GOES-]
is cn standby status.

failure 1s defined as the event that renders the subsvstem and,/or

The apogee boost motor is a one-shot device snd hes a normal lifetime of 24 hour:
VISSR = Visible Infrared Spin Scan Radiometer.
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L

Anomalous Component (s)

Subsystem and

Basic Spacecraft:

(-]

o

-]

o

o

Attitude Determina-

tion & Antenna

Control

Auxiliary
Propulsion

Apogee Boost Holorl

Power

Telemetry & Command

Communications
UHF Receiver #1
UHF Receiver #2

S-Band
Transmitter #1

S-Band
Transmitter #2

S-Band
Receiver #1

S-Band
Receiver #2

2/

o VISSR=' Digital

Multiplexer

Payload:

o VISSR

¢ Space Envircnment

Monitor

Sclar X-Ray
Monitor

Legend:

(:Dindicntes that this anomaly is a failure, where
component unusable.

T T TR

ORIGINAL PAGT !
Time of Occurrence OF POOR QUALITY“: of

(Hours from Lsunch) Occurrence
100 1000 10000 100000 Unknown

PERFORMANCE ,SUMMARY FOR GOES-2

Launch 10
H
H

-------di-------h--------------hq-:
|

H

p------Jp------u--------------i-—q-g
P--n---;--
h---n--q.n.n..-&------ -qg---d -d-g A

h------i------—h------1-------1--b-

00. eoe

hl'llllll'llIll‘l'll.ll'll.lll‘lllIlIIIIIIIIII-IIIIllllllllllﬂll
‘5!'!.!. s lllllllIlllIIlDlIllI.I-

- em abar s ke a

P----u--.------d----gauﬁunnnnniu

-------P---""é"m"@

o 0 55 5 2 6 4 6 0 0 00 O SN 6 2 0 U0 O 00 0 W) e §

- s e aped ¢

g

&-------- -

Design Life:
26,280 hours
(3 Years) End of Data:
42,670 hours: end
of report study
perind--GOLS-2 is
etill semioperational.

PYYY YL LY LT

failure is d~fined as the event that renders the subsystem and/or

15 indicates that this anomuly is not a failure.

s a normal lifetime of 24 hours.

1/ The apogee boost motor ts & one-shot device and ha
2/ VISSR » Visible Infrared Spin Scan Radioweter




Subsystem and

Anomalous Component (s) Launch

Basic Spacecraft:

o Attitude Determina-
tion & Antenna
Control

Side #)

Side #2

Q

Auxiliary
Propulsion
o Apogee Boost Hototl/

o Power

Q

Telemetry & Command

o Communications

el

VISSR Digital
Multiplexer

Pavload:

o Visible Infrared
Spin Scan
Radiometer (VISSR)

o Space Environment
Monitoring System

Energetic
Particle Monitor

Solar X-Ray
Monitor

Legend:

PERFORMANCE SUMMARY FOR GOES-3

Time of Occurrence
(Hours from Launch)

100 1000

10000

FllllllllllllllllllllIIIIIIIIIII'IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII"‘

100000

A
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A e
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IIIIIIlllllllllilIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII.I.IIII.I

0 0 60 5 0 0 00 0 O 0 0 0 0 00 i e wny Y oy

¢

------—------h--------nh.
IlIIIIllllII::[:IIlllllll'll4IIIIII-III.Illll|IlIIlI

(T T T T 1) -------{--*

------ﬁ------h------.—--

o

2 @)

Design Life:
26,280 hours

(3 Years)

End of Data:
33,910 bhcurs;
end of report
study period--
GOES-3 is on

standby status.

Time of
Occurrence

Unknown

(:) indicat~s that this anomaly is a faflure, where failure is defined as the event that renders the subsystem and/cr

component unusable.

ZS indicates that this anomaly is not a failure.

1/ The apogee bo’.st motor is a one-shot device and has a normal lifetime of 24 hours.
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PERFORMANCE SUMMARY POR GOES-4 ORIG'NAL PAGE "
Tise of Occurrence Time of
Subsystem and (Hours from Launch) Occurrence
Anomalous Component(s) Lauach 10 100 1000 10000 100000 Unknown
Basic Spacecraft: !
o Attitude and Orbit p------h----u--T--------------k FaN ;
Controls 3
Despin Bearing '
Arsembly
Despin Electronics \»
spin Ele Ar,
Radial Thruster #1 - AL
—
A
Radial Thruster #2 A
o Power T U S O {5 B U O S U O 5 8 50 0 BN W A e -Uﬂ---.¢‘
Battery #i - A
Battery #2 -
o Apogee Boost Motor & (T [ T T " T T 1] ’
Ejection Mechanisml/
o Telemetry & Command SonEEePeEsEsRSEeEEsEENanRRESal A
Command Demod/ 20 e S 4 00 G U0 G5 65 o 0 G an §h On &
Decoder
Central Telemetry e an en < )
Unit #1
Central Telemetry i o 2 00 on on a0 g 0 ak ax 20 08 @ - fo 0 ar e
Unit #2
o Thermal Control -------?-------P.-------------T
i { H
o Structure LT T T 1] -------L.------’_--:----pﬁ
i ie
*
o Communications CoTEnEASaEPEEERENG ------J-------ﬁ:
S-Band Transmitter - o on on e en g
& Power Amps #1
S-Band Transmitter - R S G G 6) G 5 WS G UR S0 S5 &h 6B T :.3"
& Power Amps #2
.2/
STDN=" Telemetry R [
Transmitter f1
STON Telemetry b o o on o =0 @5 off 20 & 2% 65 o2 @2 on th S @ = - -
Transmitter #2
3/
CDA=" Telemetry - -le
Transmitter #] m——— - A
CDA Telemetry i o on o o0 on un -
Transmitter #2
End of Data:
16,560 hours;
end of report
study period--
GOES-4 is still
operating.
Design Life:
61,320 hours
{7 Years)

Legend:

(:) indicates that this anomaly is a failure, where failure is de{ined as the event that renders the subsystem and/or
component unusable.

A indicates that this anomaly is not a failure.

/~ The apogee boost motor and ejection mechanism is a one-shot device and has a nornal lifetime of 24 hours.
/  STDN = Spaceflight Tracking and Data Network.
/ CDA = Command and Data Acquisition.

twfro|—
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Subsystes and
Ancaslous Component (s)

(Basic Spacecraft--

Cosmunications.
cont inuved)
)u»” Report
Transmitter

DCP Report
Transmitter

DCP UNWF
Transzitter

DCP UWF
Transmitter

DCP UNWF
Receiver #)

DCP UNF
Recejver #C

Pavioac:

fl

”

(3

- Visitle-Infrared

Spin Scan Radiometer
Atmospheric Sounder

¢ Space Environment

Monitor

Energetic Partacle
Senscr and HEFAD:

Detector

X-Ra: Moniton

¢ Magnetometer

Lege-

PERFORMANCE SUMMARY FOR COES-&
(Continued)

Time of Occurrence

Launch

10

_{(Wours fros lsunch)
100 1000

10000

HRNK

SeeeSeedPEeeEm Y

eSS PeEeean

reeenet

i

_<>

T

-
i

-.-----Qu-----é--

i
i

i

End of Data-
10,560 hours,
end of report
studyv period--
GUES-« is stil]
operating.

PRSSEELA .

Time of
Occurrence
100000 UaknowT
o H
1
;
:
.
H
H
Desip” i:fe:
61,30 .1
(7 Yea: -

Oxndx:-us that this anomaly is & failure, where foilure is defined as the event that renjers the sul:. ctem ard'cr

component unusable.

A indicates that this snomaly 3s not & failure.

10ofem

7 DCF = Data Ccllection Platfore
/ WMIPA. * Righ Energ: Particle Detectcr.
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ORIGINAL pAGE 1)
rraromunce swewsy roe coesOF POOR QUALITY

Time of Occwrresce Time of
Subsysten aad rs fres Lewach Occurrence
Anomslous Cesposent(s) Lewnch 10 Unknown

Besic Spacecraft:

© Attitude and Ordit
Comtrol A

Beactfon Comtrol
Systen

© Power

Arrays

Battery #) L-..

Bettery #2 | ——

bbb

© Apogee Boost Motor &
Ejection Mechanfeml/

00000000000 0000

¢ Telewetry & Command

Central Telemetry
Unit #)

Central Telemetry 7\
Unit 62 s 4 o

oo T TR R re—m N —_—m 1
a

© Thersal Contro) m--i.--- LU LD D T T
© Stiucture SeeeecnveEs Ll ;

© Communications oweees .--.-_Lm. :
[}

ocr?’ oy f
Receiver #]

¥

|

i

DCF UNMF -
g

Receiver #2 H

—— ... & .

Pavlcad. '
¢ Visible-Infrared --.---'.-u-.--.P---
Srin Scan Radiometer 4, H A
Atsospheric Sounder '
© Space Envircnment ---.-J---.-.--h---- M
Monitor '
1
Energetic Pariicle j
Sensor and MEPAD3 ' ; T A

End of Dets:
10,440 hours,

3 end of report

> study perfod--

- GOES-5 18 8111}

oparst ing .

4
Design Life:
61,320 hours
(7 Years)

legenc

O indiceates thet this smomsly §s & failure, vhere fatlure 1o defined ae the event that

ronders the cidsvster ond/cr
component wnusabdle.

A indicates that this snomely s not & fetlure.

/- The spogee Boost wotor end ejectson mechnaise s » none-shet device ond has 4 normal 1ifetdime of 24 hours
/ DCP = Dats Collection Platform

|
H
}' NEPAD « Nigh Energy Particle Detectos

IR U TR R ey
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ORIGINAL rui. ig
POOR QuALTY

PERFORMANCE SUMMARY POR INP-§

Time of Occurrence Time of

Subsysten and {Bours irom Lawmch Occurrence
Amomalous t(s) Lesunch 10 100 1000 10000 100000 Lnknown

Basic Spececraft:

© Attitude Coatrol

Peeumatics
Assembly

Optical Solsr
Aspect Semsor

© Power

o Communication and
Data

Transmitter ¢1] r-“.

ITransaitter #2 -
Pulse Coded -*-
Modulator Encoder

¢ Structure r------...-----*---.---.-----*&-.-:

Dipcole Antenna - L L 1 i

! 1

Paviocas:

¢ Cosmac Ray L------h-------u------ [ T T
Accelerometer i
X

[}

& Proton Detector

Energetic Electron r.-..--T-------------- T LT T 1)

e}

Chargel Particle r------h..-..-?-..-.- ..ﬂ.- -
Counter !

i
¢ Plaszma liectrestatic ------*----.----n--------— ”-.—:
Aral:ze:

¢ Trianial Fluxgate ------t---------n---q---o-&m

Magre: ometers ’

"

{
:lﬂw‘“-uc Fields ------i.--.---h------ -------L’.--: :
xperiment i ‘ H :
. i i

i i
Design life:

17,520 hours
(2 Years)

End sta:
76,8 “Ts,
end terore
stud seTive--
IMP-- s sta.l
oper “p-

Legend

O irdicates that this anomely 45 & fatlure, where faflure 15 defined as the event that renders the subsis-er and ot
component unusable.

A indicates that this sncmely s not 8 feflure.
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ORIGINAL PAOR 18
OF m QUAL‘TY PEAFORMANCE SINMARY POR ISEE-|

Time of Occurresce Time of

Subsystes and (Bours from Launch Occurrence
Amomslous Compoment(s) Leunch 10 100 id 10000 100000 Unknown

Besic Spacecraft:

© p——————— .

© Attitude Measured
Sensor

© Attitwde Comtrol

Attitude Control
Electronics

© Pover

Battery

o Data Mandling

o0 Structure

© Thermal Control b----.

Payload:

o Booms

o Fast Plasza +-----I
Experiment

o Tast Electrons O LT [ T ]
Experiment

© Low Energy Protons & (1 [ I 1 T]

Electrons Experiment

¢ Fluxgate Magnetometer Ll [ [ [ T 7T

© Low Energy Cosmic Ray
Experinent

© Quasi-State Electric
Fields Experiment

© Plasza Waves eSS Ss
Experiment
© Plasma Density ooesas
Experiment
o Energetic Electrons & asases
Protons Experiment
© DC Eleccric Field aseeanes
Experiment
© Electrons & Protons sseses
Experiment
odor Composition [ T T T YT 1)
Experiment
o Very Lowv Frequency L L LI 1 [ | ;
Wave Propagation i
Experiment ,'
Design Life:
26,280 hours;
(3 Years)
Ind of Deta:
41,800 hours;
end of report
otudy pericd--
ISEE-] 18 st4})
operating.
Legend:
O indicetes that this anomsly 1s o failure, where faflure is defined as the event that renders the subs ster and/cr i
component wnusoble. 4

A indicates that this enomely 4¢ not @ fellure.




ORIGINAL PAGE IS
OF POOR QUALITY

PERPORMANCE SUMMARY POR ISEE-2

Time of Occurrence Time of
Subsystes and (Bours frow Launch) Occurrence
Ancmslous Component (s) Launch 10 100 1000 10000 Unknown 1
Basic Spacecraft: b
o Attitude and Orbit L 1 1 1 ] L L ] ---..-L-.----
Coantrol Systes i
© Power oNeues L ---ﬂ-.-L...-D- 1
o Data Handling and SRS SO0OB8s .-----D' L1t [ 1 [ ]
Telecommunications

o Structure SeeeeRBoeNas Lol L L L --------
i

o Thermal Control

|

o Booms [ 1 1 1 [ |} [ 1 1 1 1 | UL L ] ] -..-.-d.

Pavload:

o Fast Plasms

[ 1 1 171 ] " L L L [ 1 ] ] -...-.---.----“O
Exper iment

o Low Energy Protons &

Electrons Experiment .
o Fluxgate Magnetometer LTI [ I T 1T ------n------.-ﬂd
Q
o Plasma Waves 1 1 [ I ] -.---..--------....---.--.
Exper iment H
i
- o Plasma Density ------*------ CaaSssSReSrESsssoesming
Experiment i f s e
! H s 3
o Energetic Electrons & (L LT -------.------d---ﬁd
Protons Experiment ] i 1
i
o Electrons & Protons h--.--- -----------------..-.--.‘-
Experiment i i
o Solar Wind lons --.---*-------------.----.---.‘D
Experizent ' H
Desigr life: 3
26,280 hours
(3 Years)
End of Data:
41,800 * Jrs:
end of + -7
studv @ - ce-
1SED-2 v2all
operat.
Legend:
L
Olndlcun that this snomsly 1s 8 failure, vhere failure 1s defined as the event that renders the s ster anc.cr

conponent unusable.

Alndlulu that this snomsly is not » feflure.
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Subsystes and
Anomslous Ci nt (s

Basic Spacecrafe:

o Attitude Measurement
Systes

o Propulesion

Propulsion
Electronics

o Pover
Battery

o Dats Handling and
Telecommunications

¢ Structure

¢ Thermal Control
Pavlosd:

o Boors

o X-Ravs and Electrons
Experiment

Solar Wind Plases
Experiment

o

o

Protons Experiment

o High Energyv Cosmic
Rav Experiment

¢ Low Energy Cosmic
Rav Experivent

o Cosmic Rav Tlellvons
Experime .t

o Plasms Composition
experimert

Vectcr Helium
Magnetometer

o

o High Energv Coswic
Ravs Experiment

o

Mediur Energy Coseic
Ravs Experiment

Legen’

ORIGINAL PAGE 19

PERFORMANCE SUMMARY POR ISEI-)

Time of Occurrence

T8 3 ¥

== -:-:-:-:-:-?t:-:-:-:-:-:.

. B R

e

i--.---- cESEASSpEESsEe®

------J.------T.--.-.

IIllIIIIIIIII?IIIIIIIIIIllll?lllll!lllllll

Y T T YT T YT YT

annses -------;------ FTI T O ]

t L L [ [ 1 ] IIIIIlIIllIlIIIIllIIIlIIIIIITIIIIIIIIIIIIIII‘II'IIIM
*lllllllllIIIII.l.IlIlIIIIIIII;IIIllIillllll?lllllllllllllll

LllllllllllblllLIlIIlIIIIIII IIIIIIIIIIII’IIIIIIIIIII'III L

UL L 1 [ [ ] IIIIIIIIIIIIII IIIIIIIIIIII!IIIIIIIIIIIIIII
IIIIIIIIIIIII?IIIIIIIIIIIIII IlllllIlIIIl;lllllllllllllll;

i i i l

Design Life:

OF POOR QUALITY

Time of
Occurrance

{Nours from LgunchE
1 Unknown

26,280 hours
\. Years)

End of Data:
34,750 hours,
end of report
stud\ pericd--
1SEE-) g8 otil)
operating.

(:) indicetes that this anomely §8 8 (eilure, vhere fatlure s defined as the event that renders the subsistem and .t

component unusabdble.

D indscates that this anomsly e nct a fatlure
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PERFC MANCE SUNMARY POR 1UE

OR'CINAL PAGU IS |

ok PEOR Q“‘\‘UTY Time of Occurvence Tioe of ‘
Subsvates and h Occurrence
» Launch 11 1000 TO5000  _ Yghnown
Bastc Spacecraft:
o Attitude Comtrol F.--.- oeeNDes
Inertisl Refereace . -
Assemdly
Cvro #1 Umit - ES 6D @ o (b O B €D 6N €D U0 €D i B 4 50 6 ¥R &
Cvro 82 Unit - g
Cyre #3 Umit posssew
Gvre 04 Unit }
Cvro #% Unit
Cvre 0o Unit ﬁ -
Pancremic Attitude -
Sensor
Sensor #1 and ’ ‘I
Tlectronics ' {
Senscr . and - - - #
Electronics ! ! —‘ |
o Communications t-------O-------q---..--------Q '
o Command P-.-....--..--. .---..*---.-- -1 ;
Comman! Decoder ¢! t--.----é------- .-----*------ - '
{
Command Decoder 0. b------ - P b €3 O OB Wb o) O B B B ; ;L - :
i
¢ Data Har.ling b-I.I--.II-I---9-----.”-----+ l
|
E Deta Multiplener l---------------q------- -ﬂ--#-.- X
= Subsrater ¢} i | ‘ |
= ' ! | l
; Nata Multiplexer D ab Eb Gb G @ G € 6B 6B Eb @B &b & ------.—------&“- X
- Subsrster 00 ' ‘ ‘
i | | |
] n-Beard (omputer /OB GG K@ EmS S ma®n ------L------t--- |
Processor b------*-------‘------*------ ¢
Mmedule 1 : '
u l ! .
Processoy h ------q-------’--------------‘---
wodu ¢ *J i
. ‘ ‘ | |
;— o Power b-.----.--.---. ----.--—.---.-.“
i ¢ Structure L------d------. --------.----‘--
- ¢ Apogee Boost anov-l .-.-.--.-.- 1 L
- |
j
o Therme! (onter. ! .--....‘.-..-u. -m-----.-.-- L !
' i
Heaters h------‘-------T------J------mo
! H !
End of Date
39,300 hours,
ond of report
Atudy pericd--
1T te otid)
opetating.
Doaign Life
43,000 heure
(3 Years)
Legond

Olulrun (hat this anomals ts a fatlure, where fatiure s dofined as the event that renders the subsister ard ot
component unusatle

A tndicates thet this anceals s nct & fetiure

1 The apeger Borst Botor 10 8 one-ehet device aad has 8 ncraal 1iletiee of 2o houts
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Subsystem and

Apowsalous Compongnt(s) Launch

Payload:

© Optical Ungit
Fine Sensor #)
Pine Semsor #2

o lmsge Detectors

Long VWavelength
Comera #)

Long Wavelength
Camera 02

Short Wavelength
Camera #!

Short Wavelength
Camera 02

o Experiment
Electronics Assemd)y

legend

< )lndxcato- that this anomalv §s & failure, where

component unusable.

D tndicates that this anomalv §s not a failure.

PERFORMANCE SUMMARY POR 0.

(Continued)

Time of Occurrence

10000

10 100000
lllllllllllJ:lllllllll Ll L]
-
- EED P &
L[ 1 [ ] ] llllllllIlllllllllllllllllll‘lllllllllllll
-
‘T
‘ﬂ,pun--lllllnlnulll - e
. #
rllIIIIIIIIIII!IIIIIIIDIIIIII 8 IlIlIIIIIlIIII‘IIIIIIIIIIIII'IUIIIIIII
)
i |
End of Deta:
39,500 hours;
end of revort
studv period--
IVE 1s st1l)
operating.
Design life:
43,800 hours
(3 Years)

ORIGINAL Pagg ;
3
FOOR QuaLTy

Time of
Occurrence

Unknown

fatlure 1s defined as the event that renders the subsvstem and or
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ORIGINAL PaGE IS
OF POOR QUALITY

PERFORMANCE SUMMARY FOR LANDSAT-2

Time of Occurrence Time of
Subsystems and (Mours from Launch)_ Occurrence

Anomalous Component (s) Launch 10 100 1000 10000 100000 Unknown
$
Basic Spacecraft: § g H
H
o Command Clock T------U--u------------------ﬁb--—q
i *
i 13
Clock »Bmn 1
oc T.--..-': A
VHF Command e . |
Receiver H
© Pover P------‘-----.-’---.--t-----(’ﬁ---.-t A
Command Clock -

Pover Supply #1

Command Clock - C LT T T 1)
Power Supply #2

Battery Module hon pm—

Assembly

oM

Solar Platform T T LT T T T -w AT A
and Array #)

Solar Platforw 0 ED o> U0 6D 5 Gl G0 4N S5 B D U 6B B GF S5 SN O OB 4P G 4P 4 A O & .
and Array #2

o Versatile Information A---------------------Q------t.---‘-¢

Processcr H
! H
c Attitude Control p------‘-------------i------ﬁt-----:
Yaw Reaction - = D O GR o 6h G5 USG5 5 5 GH{ED 5D N5 &5 GB G5 GR Gb 6b 20 &b & & E #p
Wheel H
1
Roll Reaction b------ - eh e n G0 G0 OR (R 6B U R GF 5B G5 6D SU 4D OGS 4 G G gP @GP &b SRen e o
Wheel H
Magnetic Moment -------qb-----qu‘--
Compensat jon
Assembly
Rate Measuring 0GB G5 GP o 6B e G GR S5 G G5 G5 0B 45 O G D A5 B Eb &) 4D 6P . b o e o of = senes o
Packase *1
Rate Measuring P------qp-------n------m------ﬁlnnno
% Package #2
3 Orbit Adjust beenesesteeesreweehoeessabememes p-----ﬂ
| Svste=
; Solar Array Drive i a5 o5 G S5 4 (% TP SD D GB B Eb G 5 1 G S G5 G 6B 48 4B OB o sofyme
|
| ¢ Spacecraft ’-.----‘_--.--------.--‘i------.._.--“-l
| i i i g :
‘ o Command Integrstion rrrrrryryy e et et U L L D D LD T T T
Unit H H
| - i
\ Command Integration '-—----*------‘------“.-------:-----ﬂ
} Unit Assembly i ! i

Design Life:
8,760 hou's

-
~
B
(1 Yeasr)
Ind of Data:
65,86) hours;
LANDSAT-2 is no
longer operating.
Legend:
(:) indicates that this anomaly is & fetlure, where failure is defined as the event that renders the subsvster and cr

component unusabdle.

A indicates that this anomaly is not s fajlure.
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ORIGINAL PAGE
rnmmcz(m:.:?l LANDSAT-2 m NOR QUAL'Te

Time of Occurrence Time of
Subsystea and (Bours from Lnunch% — Occurrence
— Anomalous Component(s) Launch 10 100 106000 106000 Unknown

(Basic Spacecraft,
continued)

o Auxiliary Processor JESENSESEELESEaNOSEERREPaORRE C L
Unit
© Pover Suitching jossessspesenes -------r“---?'--—
Module H i
-4 © Wide Band Frequency h------p-----d-------L-----&_--—-
-3 Modulator i

o Unified S-Band .---.--h...--.q-------'----ﬂ-m
Equipment H :

s
o Narrov Band Tape P-----“-----.q-------L---.--ﬁ-..-ni
Recorder

Narrov Band - #p-O

Recorder-
Reproducer #]

Narrow Band - :ﬁ---O
Recorder-~

Reproducer #2

o Premodulation ---------.--.--------‘----..---“

Processor i
1

o Wide Band Video --------------i----------ﬂ-mp.---g
Tape Recorder

Transport Unit #1 - LY - ﬂ*o

Transport Unit #2

- 5 Eh a8 =S W @ W " - llﬁplq

Electronics [ T 1T T
Unit #)

Electronics - - -:h- - bﬂ-
Unit #2 ;

Wide Band Amplifier .;--------------i-----a-p-.---T---“
! : H H H

i i | i
o Communications snd r-----“----------n---,-----*-...;

2

Dats Handling

Telemetry - sas - L -/

Converstion
Module

o

Structure and

Miscellaneous F------?------“------u------h----: }
}
Thermal Control N

Payload:

H

© Return Bear Vidicon LTI DT LD LD E D DL DL DL
H i t

H i H H
© Multispectral Scanner P------‘.-..-.-h.-----ﬁnn-.
Sys:em ! i

$can Monitor E L___ --------u------h_-t’%
Assewmbdly i T

© Dats Collection System h------b------+------p------
; i !

*
*

rlllllllllﬁ

“.M

Design Lt!c:I
0,760 hours
(1 Yeor)

End of Datas: 4
69,06) hours o
LANDSAT-2 s nc

longer operating.

Legend:

(:)lndi(llﬂl that this snomaly §s o fallure, where feilure is defined as the evert that renders the sudbsystem and/or
componert unusedle.
220
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A indicetes that thie anomely 1s not 4 feilure.




PERFORMANCE 51001AKY FOR LANDSAT-)

POOR QuaLiTy

Sudbsystew and
Anomalous Component (&

Basic Spacecra‘::

o Comma-d/Clock
Neworv

COMSTOR-A
COMSTOR-B

Command Matria
Arge=t1\

Ecay
o Power

Sclar Platform
Atrras

« Electrical Interface

Auxiliary
Processing Unit

C Attitule Control

Sclav Arrav Drive,
lett Nand

Rate Measuring
Tackage, A

Rate Measuring
Pa.nsge. B

Att:itude
Mea: . .rement Sensot

o Structure

© WideMan
tonmunications

S-Bany
Transcitrer )

S-Bany
Transmitter ¢

WVBUIRT e
WRLTR o)

~ Telemetry and
Data Nendling

© Ther=a: Contre!

Legend

(:)Indlcalol that this ancmals s a taglure,

component unusablse

Time of Occurrence

Launch 10

r:-----T------ sesssemmese

! !

‘IIIIIIIIIIICII{F 1+IIIE

maeanerea ]T

assessussssssatesssasmEans

;lllllllllnlqunlclllllll!lqncrclllIlllIlll|l§-mlIllllllbll‘ln"rn
i ! i
illllIlllllllllilIIIIIIIIIIIllillllllIIIIlIII‘IlIIIIIIIIIII»

r------ncncuun---u--lclul-llnul--nnn.,-c-cncq‘}p-q?c-
‘tillllllllllllllllllIlllIlIlllllllllllllllllIl.lllllllllllllhlll

i '

i i

Tine ot

Unknown

(Wours trom uw\chg Occurrence

et rmetd
---------------f-—- —:é-*?d I
b-------------i-----_' L-id

: T

IIIIIIIIIIIIlIIIIIIIIIIIIIIIII.IIIIIIIlllllll‘lllllllllIlllllllllll

p--------------.------------T-

h---------------_-------T---é-f--

. oo -
- -

i l

4

?---n--n-==--- -

hllllIIIIIIIIIlllIIIIIIIIIDIII‘IIIlIIIIIIIIII‘IIIIb‘azaflll'ﬁ.‘:s'.

bllllIIIIIIIII.II.IIIIl.IIIIII'IIIIIIIIIIIDII.IUDIIIIIIIIIDIIII

.IIIIIIIIIIIIIIIIIIIIIIIIIIIII.IIIIIIIIIllllllllllllllllllut!!

illlllIlllllIIl’llllIIIIIIIIIlqllllllllllllll,IIIIIIIII.IIIIIIII

sove

Destgn Life:
26,2800 hours
(3 Years)

A indicates that this anomaly g3 net a teajlure.

P BCAM @ ERTS Command Aumtlyary Mom ot

B WBVTR © Nide Band Vide.o Tape Re. otider
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End of Dats
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g
- ORIGINAL PAGE 1S
B PERYORMANCE SUNOARY POR LANDSAT-) OF POOR QUALITY
- (Continued)
_ Tims of Occurremce Tiee of
Subsysten and 00 L) Occurrence
Anomalous C nent (8 Leyach 10 TOO00 768000 Unknown
Payload: ‘
) o Multispectral (v r t [ 1/ ..-.-.-‘--.---
= Scanner
Multiplaxer -
© Jeturn Besn Vidicon ------r---&--”------+-----n+-
- f i
Design Life: .
26,200 hours f
(3 Years) s
3
Ead of Dets:
38,360 bdours;
end of report study
period—-LAKDSAT-) is
otill operating.
legend:
Oindtcnn that this snomaly 1s 8 feilure, whore failure is defined as the svent that renders the sudsystes and/or
component unusable.
| A indicates that this anomaly 16 no. 8 failure.
|
|
|
-
|
|
-
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Subsystes and

Anomslous Component (s)

Basic Spacecraft:

o Power

o Attitude Control

o Propulsion

o Signal Conditioning
o Thermal Control

o Communications and
Data Handling

Payload:
o Telecommunications
Ku/S-lund Antenns

o Thema:ic Mapper

Legend:

<:> indicates that this snomaly is a failure,

componen: unusable.

PERFORMANCE SUMMARY FOR LANDSAT -4

ORIGINAL pp
GE I3
OF POOR QuaLTy

Launch

Time of Occurrence Time of

(Bours from Launch) Occurrence

10 100 . 1000 10000 100000 Unknown
% i H
.
i $
NS T T
.
.
------4------ -
H *

Illl!l!llllll;llllllllllllll

-----mJn------?

[ T

IIIIIlIlIlIIl‘IIIlIIIIIIlI !

LL

[]
*
i .
SOENONPEEEESHENEBE:
: L3
; b
z § * :
H .
ceeusstesnesacmeeet
H H °
H H *
C L1 T - ; -t
: H °
i i H
b------.n------g-ﬂ
i H i ]
: ; H
i i :
.
H
H
:
-
:
:
End of Data: s

360 hours;

ZB indi-ates that this anomsly is not & failure.

end of report
study period--
LANDSAT-4 is

still operating.

Design Life:
26,280 hours
(3 Years)

where failure is defines as the event that renders the subsystem and/or

Cig

PPy G N

e i an



Subsystem and

Anomalous Component(s) Lsunch 10

Resic Spacecraft:

o Attitude Control &
Stabiiization

o Power Supply

Telecommunications
Systen

Tape Recorder #1
Tape Recorder #2

o Attitude
Determination System

Star Camera #)
Star Camera #2

Precision Sun
Sensor

Coarse Sun
Sensors

o Attitude Transfer
Svstem

o Structure
o Thermil Control
Paylcad:

o Scalar
Magnetometer

o Vectoer
Magnetometer

Legend:

PERFORMANCE SUMMARY POR MAGSAT

ORIGINAL PAGE 13
OF POOR QUALITY

Time of Occurrence Tine of
(Hours from Lsunch) Occurrence
100 1000 10000 100000 Unknown
P10 -
: s
e o
' s S
R - ( T 1 1 L Lt [ 1 [ 1 1 1 || ;s B
$
L]
SOEESENEE0RENNNESSG SN ¢
i
IlllIIIIIIIILIIIIIIIIIIIII ERAD 1R B R0 GRjD (0 6 .
- L L1 ] - L
H :
: -
3
u-----.-------i--@--u-"d
T L L Y L2 1 1] - —-E-
3
- - -pew

PP G5 S0 65 5B ED GBI @ ED OF 65 04 5N ) a8 TS 48

Q

illIIIIIIIllll'lllllllllllllllll!Illllllllll.lllllllll.l‘

) S——

?‘""'-'3 Wyeapateuneny -

é—------;g------?-------s

H i i i
i i

i H i
: i H

Design Life:
3,600 hours
(150 Days)

End of Data:
5,400 hours;
MAGSAT reenterec
the atmosphere.

(:) indicates that this snonaly is a faiiure, where failure is defined as the event that renders the subsvstem ard‘or

component unussble.

ZX indicates that this anomaly {s rct & failure
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Subsystem and
Anomalous_Component (8)

Basic Spacecraft:

o Spacecraft Assembly

o Power Supply
Battery Module

o Attitude Control

Attitude Contrel
System Assembly

Pitch Reaction
Wheel

SA!'.a/ /Sun Sensocr

Rate Measuring
Package

¢ Clock
Cleck
¢ Communications

N
WORSSS Tape
Transport ¢!

HDRSS Tape
Transport #2

HDRSS Recorder
Electrories
Arcembdiv ¥

H.-SS Recorder
Electronils
Assemtln 0

Pavlicac
¢ IR: S-:-!

-, 0 IRISD
flectronics

¢ Satellite Infrared
Spe. tTometer

Se-~scry Ring
fle tronics

Bras Power Suppin

PERFORMANCE SUMMARY POR KIMBLS-4

Time of Occurrence
(#ours from Launch)

. o

i

-.----;------d------'
;. % :;:,---piﬁ!-l-lnﬂnd‘:..niri|zz’--l..-
b---u-d-------.--n---¢----------..-

k
l

Fe—
-

STl ECEeROEE IlIIIIIIIIIIIIIIIIIIllll‘!.lllllllﬁlllll‘

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIiIIIIIIIIIIIIIIIIIIIIIIIlllip;llllllllll.ll

ORIGINAL pagr -
<3f ‘:(: ‘2 cgl’il.rryﬁiae ol

Occurrence

Launch 10 100 1000 10000 100000 Unknowr

LTLYYYL 113

o MUSET
H
™SI Sensor b—-----.---- : - -?—
Pa.rage HE
.
-
.
H
.
H
Desigr life .
8, 60 rours E
(] Year® .
Lege-.2

End of Da:a
87,607 N~ure

NIMB. S-- deactivate.

indicates that this anomal. is 8 failure, wheie fajlure i+ detined o5 the event that

compenent unusatie

D) indicates that this snomals is not a faalure

SAL = Sciar Array Drive.
MDRSS « Nigt Data Rate Storage Svsies

1 twlesl—

RIS @ Infrared Interferometer Spectrometer
MSE = Morster Ultraviolet Sciar Energ. .
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ORIGINAL FAlw ]
PIRFORNANCE STROLRY POR WIMBDS- Of POOR QUA Ty

(Contimued)
Time of O cwrrence Time of
Subsystem and te freav Lewsch) Occurrence
Amome 1 ous t(s) Leunch 10 1% 1&80 W — 160000 Unkpown
. 'Y
(Paylosd, ceatimued ! i x E
° m.sy : ;

H
i

A e

IRXLS Tramsmitter ‘r_

Deta and Ranging

Nodule I’

© Image Detectior
Camera Systen

o Filter Wedge
Spectrometer

o sen?/

SCR Electronics
Module

Versatile
lnformation
Processor

° ll‘\'z/ L------.h-----..'----m

2

BU\ Electrometer -l
Assembly

. .
BLY Sensor 2

Electronics i

| o TRt/ én------.i-----—i--m.-w-..-#
: i 1 :

i H i

10008000008

Desagn uLiie:
8,760 hours
(1 Year) End of Data:
| 87.600 hcurs:

KIMBL S-- deactivatec.

O indicates that this anosaly is 8 failure, where failure is defined as the event that renders the subsyster and/or
component unusable.

| A indicates that this snomaly is not & failure.

IRLS = Interrogation Recording lLocstion Syster.
; -egCR = Selective Chopper Radidmeter.

3\ = Backscatter Ultraviclet.

THIR = Tewperature/Humidity infrared Radiometer.

1o hwleols-
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Subsystes and
Anomalous Component(s)

Basic Spacecrafrt:
© Attitude Comtrol
o Clock

Clock

Command Store
Logic

o Communications
and Data

o HD!S‘l/

HDRSS Recorder
Electronics #]

HDRSS Recorder
Electronics #2

Tape Transport
Can Assembly ¢!

Tape Transport
Car Assexbly ¢£2

c Power

Battery Module
Assexbly #]

Bazter. Module
Asse=tly #2

Ba-tery Mcdule

Acsemtiv #3

ttery Modu.e
Assenbly 4

Ba:terv Module
Assembly S

Battery Moclile
Assermtlyv #6

Baztterv Module
Acsexbdly #7

Baiterv Module
Assert.: #B

¢ Spacecraft

¢ Miscellaneous
ftro.ture o Ther-a:

Trensritter ¢;

Trans~itter ¢.

legen<:

PERFORMANCE SIMMARY FOR KIMBLS-S

Time of Occurrence

ORIGINAL PAGE s
OF POOR QUALITY

Launch 10

{Bours froe Launch)
1

1000

S S W

-

000G 100000

:
*
H
-

SRt EINSOaSErNNATSEONSHann sl Basaed

b-----------&------hn---.ﬁ”

= wm el \=-

-IIIIIIIIIIIII'IIIIIIIIIIIIIIIQIIIIIIIIIIIIIIIIIIIIIIIHII‘Z!FIIIII

(2 LT 1 ¥
L2 1 1 T T J —.:
frecsesasimeevecedes

a

poocas

rllIIIIIIIIIIIIIIIIIIIllllllllillllllIIIIIIII.IIIIIIIIIII?I?IIIII'DI'I"I

i

§ !

b---------------------------Otf--nnd

’IIIIIIIIIIIIII’II.I.‘:'IIIII‘I

e
14
L L [ [

Desizn Life:
8,760 hours
] Year)

asscesesse

tné ¢
ba, 30
te, cr!

NIWE Lt
OTOTALL

Time of
Occurrence

Unknown

A

Data
LTS 4L I
s$tuc
P S SN

Le T

(::) incicates that this anomals 1s & fallure, where foilure is defined as the evert that renders the sutsister and 1

component unusable.

zsxndxcalo. that this snomaly is nnt o failure.

1/ MDRSS « High Data Rate Storage Svaten
Py VIP o Versatile Information Process r.
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) ORIGINAL PAGE IS
mmcz(m ")’l nLsUS-S OF POOR QUALITY

Time of Occurrence Time of
Subsystes and Iouu from lLsunch) Occurrence
Anomalous t(s) Launch 0 1000 TIO_OW 100000 Unknosn

Multiplexer and TCC

° zs:;::: Box ------i------%
-

o 1TPR— {1 1 1 1}
° l‘D!SE/ 0, Assembly (1 1 1 1
Bay ¢ 2

Cable Assembly =]
Demcd Drive,
Channel 3

Cable Assembly
Demcd Drive,
Channel &

__ 4
Cable Assembly > *-q

Denmod Drive
Channel 5

Cable Assemdly -l
Signal, Channel 3

Cable Assemdbly
Signal, Channel &

Catle Assembly (S T 1 1 4 aess oy
Sigral, Channel 5

Catle Assembly -
Hixer/IF,
Channel 3

Cable Assembly - e
Mixer '1F,
Channel &

Calle Assembly -t oo A
Mirer 'IF,
Channel $

¢ soms sssssasasssssssgend)

o SOMR Moltiplexe: lssssssepesssse -O

o SCMk Recorder/ L 11 1 1 1 J ----..1.-0

Reproducer
O

Tape Reccrder’ ry r ry .t}
Rerrccducer Elec-
troni.s Power

i
H
1
|
i
i
i

“supr
D.;‘gnnL".: End of Data-
.; : ?url 8..300 hours, enc <
(1 Yeor report stuc: perici--
NIMBUC-S 1 810
cperatin,
Legend.

Olndnnn thet this anomalv is a failure, vhere failure is defined as the event that renders the subsvster and/or
component unusadle.

b indicates that this anom.ly 1s not & fatlure.

/ ESYMR e Llectricallv Scenned Microwave Radiometer
/ 1TPR = Infrared Tempersture Profile Radiometer.
/ WEMS o Nisbue-f Microwave Spectrometer

SCMR » Surface Composition Mapping Radiometer

10~ hinal —
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ORIGINAL PAGE IS
OF POOR QUALITY

PERFORARCE SUMMARY POR NIMBUS-S
(Concluded)

Time of Occurrence Time of
Subsystes and (Mours from Launch) Occurrence
Anoaslous_Componer:(s) Launch 10 100 1000 10000 1?6000 Unknowt.

(Payload, continued)
o scnt/ -----M---M—-----—L--.E AD

$CR Electronics o

A4

Sensor Module O
A
L A

Analog/Digital
Converter and
Multipiexer Board

o iRt F..-....‘--.-.--T.--.--T-----“.O
! : :

Design Life:
8,760 hours

(1 Year) End of Dats:

8<,300 hiurs; end of
Teport stud' T€vi. I--
NIMBL S5 fs 1.
operating.

legenc:
indicates that this anomaly 1s & failure, where fatlure is defined as the event that renders the subsystex ard/ox
compcnent unusable.

A inli:ates that this anomaly §s noct a failure.

SCF = Se.e.tave Chopper Raldivseter.
Tol e Temrorstute Rutizity Infrared Radicmeler.

oy




PERFORMANCE SUMSARY POR RINBUS-6

Time of Occurrence
Subsysten and (Iouu {rom unch)

dnomslous Component(s) Lsunch

Basic Spacecraft:
o0 Attitude Comtrol [ 1 [ 1 | L 1 T 1]

Yav Resction Wheel

ORIQINAL PAGE 1S
OF POCR " = 7V

Time of
Occurrence

l

|

.----..'------? snoned

o Clock .-----l----- ------J.-@-rr---.l

Clock

Telewetrry

Matrix

Multiplexer A

Multiplexer B

ﬁ---

- enen v e ey

Poaaee

HDRSS Recorder -

o IlDRSSl/ g--a.n*-------n-------—---g-
5

Electronics #1

HDRSS Recorder l

Electronics #2

Tape Transpert and -

Can Assembly #]

Tape Transport and cosssegan oy

Can Assemblv #2

o Pover -----..-------r---.-.-------..--.“‘.

Battery Module

!
Ok B LG

Assembly #]

Batterw Module el L L L LT

Asserd]y #2

Battery Module -l -y
Assemt . #3

Batter: Module

I os a» o o o0 on o

Assembl. »{

Batter: Module

- Ly 1 1 1t
Assenblv +5

Battery Module el T T T T T ¥ Y-y s
Assemd]yv #6

Batterv Module

A L L 1 I I 1 ¢ I 1 J ¥ T T
Assent]l. #?

Batter. Module - - e o -

pooceoowwy

Assezh . 98

o Spacecraft D--...-.----..-‘-ll-----..-.--‘.------

o Miscellanecus
Structure & Thermal
Contrel

; : i
o Comrur.ications gl LU DL LI LI LTI T T T PP P YI T |

and Dats

i

Legene

O indicates that this ancmal\ is a faflure, v
component unusetle.

A indicates that this anomsl. s not & fatdure.

17 HDRSS « Wigh Date Rate Storape S.ste- 230

L LT L1 1 |

!

P---------------------------,o-----. x

Design Life:
8.760 Lours

(

1 Years

] i

End of Data:
2,539 hours, en:

report stud: pe:s

KIMBLS-b 15 <23}
operatin,

ere fajlure 1s defined as the event that renders the subs:ster and

- JaN

cr

10000 100000 Unknown
$
i

g

Y Sy

. At A a

.t




ORIGINAL PAGE |

OF FOQ .
.uR 1"y PERFORMANCE SUMMARY FOR NIMBUS-6
QLAL,TY (Continued)
Time of Occurrence Time of
Subsystem and Occurrence
Ancsslous Component(s) Laynch Unknon
H
-t Pavload: ‘
e o oo/ ssasss .'
=
: 2/
L o ERD° Experiment sSsesssHNesRSne ALDLA
o High Resolution aeseanehaBaaan
Infrared Radiation
Sounder
o ta1nd’ Y T T Y T T AAA
o Pressure Modulated AN
Radiometer
o Scanning Microvave Yyttt gl
Spectrometer
o tvERLE/ sssass
.
o Versatile rtryyyrygy e vttt et -----q- 1 [ [ ]
Information Processor
‘ b}
| o urnd/ CERSeEEESLEIENSENESSEEReasS
| THIR Radiometer - e s an o u» o
| Assenblv !
| 1
| ¢ Tiring and Data ----0--------.------*nnﬁ- aoaeet
| Relav Experiment l
-
= obﬂ¢ ------'-------,----.-_--.---..-----3
= Senscr-X Center - - —---r—-----’xé_—— x L
{ i |
| Design life:
8,760 hours End of Data:
(1 Year) 62,539 h-urs; en: ¢
report study peciol--
NIMBUS-¢ is sz: ]
operating
legenc:
| C indicates that this snomaly is s failure, vhere failure is defined as the event that venders the subsvster ard or
| co: ~onent unusable.
A indicates that this snomalv 1s not a failure.
| 17 ESMR = Electrically Scanned Microvave Radiometer.
.g' ERS « Earth Radistion Budget
3’ LRIR = Limb Radisnce Inversion Radiometer.
& TWERLE = Tropical Wind, Energ:, Conservation snd Reference Level Experiment.
- S’ INIR o Tewperature/Humicits Infrared Radiometer.
= & DSAS « Digital Solar Aspect Senscr.
E
-
-
-3
.
e
~4
*
-
.
.
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ORIGINAL PACE IS
PIRFORMANCE SIMMAZY POR NIMBUS-7 OF POOR QUALITY

Time of Occurrence Time of
Subsystes and Sours from Launch) Occurrence
Anomslous at(s) Launch 10 109 1000 10000 186000 Unkncwn

Basic Spacecraft:

o Attitude Control isssssaopesssoasneSER®
3
Paousetics h----- ------ﬁ------ 3
Left Solar Array T T T T coasensssess
Drive

o Command/Clock L..-..- L L L L L L 1 1 1 L]

o Command and Deta

aeEee YT P YT LT T Y
Interface Unit

{
o Flight Data Mandling ).’II..”...-.. Ll L L ] ] ] A 3
Equipment
Tape Recorder A - :l
Tape Recorder B g -
Tape Recorder C '
o Versatile Informstion b---.--..----.-.---.--.'.-.--"--" A
Processor ’ H
*
L]
o Pover ;--------------d-------h-----ni-—-;
Solar Arrav i H
ola v ‘--------------q-_ _,a‘b—d:
Battery Module #1 -,_ e=we - cacssss T-—-!
i i 3
Battery Module 02 -------- - : .q’ :
‘ ; s g
Sattery Module #3 ----------------------Q‘-----q aoeg i
. . H
Battery Module ¢ ,-------_----- oo o ee ﬁ -*' i
i i H H : :
Batterv Module #5 !-------h-----—-?-------db-----q:-i---.
H N . L] .
i : i
Battery Module 06 f-------h----------- - {
| : !
Battery Module ¢7 -------Q-------b------q L 1 T T ]
Battervy Module #8 -------b--------------1;-----
o Thermal Contrcl --..--..---.--—------‘-.---
!
o Structure ‘-------.------n-------‘-----
Payload: p--------------.-------.----- A
i
o Digital Solar Aspect -------------n.-------‘ﬂ--- A
Senscor
H ‘ i
> Stratospheri: Aervscl i-------.------i------- L1 sal T 1T 4]
Messurement 11 | : ; i
Experiment ; i i '
i i
o Stratospheric and Sesessssse ayy\meeessap\e -“-w
Merospheric Sounder ' . : ! - H
Design Life:
8.760 hours
(1 Yesr)
End of Dats:
33,000 hours,
end of report studs
persod--XI1B. -7 {s
‘ still operating.

Legend

O indicotes that this anomaly is o feslure, where faslure is defined as the evert that renders the subavster and ot
cosponent unusable.

A indicates that thie anomaly 1s not a fatlure
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Subsystes and
Anomalous nt (s

(Payload, continued)

© Temperature/Bumidity
Infrared Radiomster

o Earth Radiation
Budget

o Scanning Multi-
Channel Microwave
Rediometer

o Coastal Zone
Color Scanner

o Limdb Infrared
Monitoring of the
Stratosphere

o Solar Backscatter
Ultraviolet/Total
Ozone Mapping
Spectrometer

Legend:

indicates that this anomaly is s failure,

component unusable.

PERFORMANCE SUMMARY FOR NIMBUS-7

(Continved)

OPIG'N.L Phe

CF #LUR QUALITY

Time of Occurrence Time of
Nours fros Launch) Occurrence
Launch 10 (1537 — 1000 10000 100000 Unknown
LIIIIIIIIIIIIII r ¢t 1 1t 1t ' [ ] @/}
husonsssenEanEBEBaE

ﬁb..---.--.-.--u--—

IIIlIlllIlll?llllllllllllll*llIIIIIIIIIIII

’IIIIIIIIIIIIIl.lIlIIIIIIIIIIIIIIIIIIIIIIII

YL L Ta" Al AA

secyyiiesnd AAA

}'“"‘*“““"”‘Mﬂ-*---- A

i
i

ZS indicates that this snomaly is not a failure.
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Design Life:
8,760 hours
(1 Year)

End of Data:

33,000 hours;

end of report study
period--NIMBUS-7 is
still operating.

where failure is defined as the event that renders the subsyvste  angsov




ORIGINAL PAGE IS
OF POOR QUALITY

PERFORMANCE SUMMARY POR NOAA-4

Time of Occurrence Time of
Subsystes and {lours froe Launch Occurrence
Anowslous Cowponent(s) Launch 10 1 1 10060 , 100000  _ Unknown
*
Basic Spacecraft: ! E
i H
o Command NEEBOom ------*------ L1 [ [ 1 {
o Power (1t 0 0 L0 1 I 1 1T 1 1 [ [ I [ [ [/ 1]
o Communications L D L 1 1 ] [ [ [ 1 1| L [ [ ] L L] L
o Structure SENEnSEaaNEESEsseaEEn [ [ [ [ 1 |
o Thermal Control ----.-I.----- aETOan -------.
o Vehicle Dynamics L UL L L L L L L L ] ]
.
Payload: 5
.
3
> Primary Sensor h---..-ﬂ...-..-----.-. L1l L[ ] ] §
i 3
H H .
varnl/ 01 - - ,..@ :
9 .
H [
VHRR #2 - - . .T-Q
veen?/ H :
- -
3/ 1 4
SR="#] [T T T T - QQ-Q
HE ] ¢
SR #2 H C
SR Recorder #! pomoes (] - O
SR Recorder #2 pocsassamnessesses :< )
1
SR Recorder #3 ; ------------C
Solar Prcton b------q-------qn--ﬂ---w-o {
Menitor l
3
Design Life:
17,520 hours
(2 Years)
knd of Daia:
35,720 YNours;
NOAA-+ deactivated.
E Legend:
- Omdtuus that this anomaly is a failure, vhere fa.lure is defined as the event that renders the subsyvster and/cor
n component unusable.
4
-

A indicates that this anomaly is not s fajlure.

/ VHRR = Verv High Resclution Radiometer.
/ VIPR = Vertical Temperature Profile Radiometer.
SR = Scanning Radjometer.

o iy e
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4
i
b

ORIGINAL PACE 13
OF POOR QUALITY

PERFORMANCE SUMMARY FOR NOAA-S

Time of Occurrence Time of
Subsystens and {Hours from Launch) Occurrence
lous C nt (37 Launch 10 100 1000 10000 100000 Unknown
H s a—
1
Besic Spacecraft: i ! §
H [ 3
°
© Coamand !-----. SO BECESLNTSORenEBne
o Power OSSO ESNEEuDenE [ L1 [ |
© Communications ------.‘—O--- nnay)epscess
o Structure SEONBEG .------:.------ [ [ 1 1 [/
© Thermal Control -------’-I---..‘:------ Ll L L] ‘;‘
§ i H 1 e
o Vehicle Dynemics .----&-------#..---.#------“
Momentum Control of\»
Cotl #1
Momentus Control
Coil #2
Payload:
o Primary Sensor SNOEEEeENEINSSaNERSEENSNEeRsDReS
1/ Z |
VHRR=" 41 YT Y T - - - an o e
VHRR #2 [up— ----r
2/ -/ H ?
VIPR=' ¢} oy Y= _------¢"
.
i e
VTPR #2 josemeseee '.
3/ $
SR=" 41 pcammoe -
SR #2 [
SR Recorder #1 oo ee
SR Recorder #2 pPesssesdseonenee - ]
SR Recorder #) T L L T s ;
IRE
Digital Data 5 ED Eb G 5 I EB R 6N 6B W EB R b ' & - _-:‘.
Processor f1 : .
H L K3
i
Digital Data 2t 1 L1 U 1 1 T 0 1 1 1 L ¥ 1 1 1 1 J 1 1 1 1 T 1 T Y X
Processor #2 ; 1
moaoas - :
VMRR Recorder i i i
i
13
3
Design Life: 3
17,520 hours ¢
(2 Years)
End of Data:
22,100 hours;
NOAA-5 mission :t.-=inatel

after 17 additi :. menths
of limited oper..icn.

Otndlclln that this anomaly is » failure, vhere failure is defined as the event that renders the subs.stem and/cr
component unusable.

A 1ndscates that this snomaly is not s failure.

17 VHRR = Very Nigh Resolution Radioweter.
7/ VIPR = Vertical Temperature Profiie Wadiometer.
3/ SR = Scanning Radiometer.
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PERFORMANCE SIMMARY POR NOAA-6 ORIGINAL PAGE 1S
Time of Occurrence OF POOR QUAthT‘.Y. .

Subsysten and (Bours from Launch) Occurrence
Anowalous Component(s) Launch 10 1 1000 ~ 10000 "160000 Unknown

Basic Spacecraft: !

© Attitude Determina- UL L L L U D D L LD T T T
tion and Control

Inertisl
Measurement Unit

Solar Array Drive
Electronics

o Reaction Control

o Power EEsssacfsssssssssEassndEssene
t------ﬁ------n------ seses

Bydrazine System

Gaseous Nitrogen
System

.
"

o Apogee Boost Plotorl/ L L L ]

¢ Command & Control

T

IlllllllllllilllllllﬂlllIIIIIIIIIIllllIIIII'IIIIIIIIIIIIIIQIII

Central Processing
Unit ¢)

e

Central Processing LT -
Unit #2 Io

.
o Data Handling System -------u------—--------m*

Dual TIROS IL
Informstion
Processor

.......,.....{' ....O....

Digital Tape -
Recorder #]

Digital Tape
Recorder #2

t

Digital Tape
Recorder #3

Digital Tape PRp— aw *-
Recorder #4 -

Digital Tape
Recorder #5

o Communications l-----------.---—-.----.-----.

]

o Structure L-------h--------------.------

© Thermal Concrol b------ﬁ-----------@---------

i i ' l

Design Life:
17,520 hours
(2 Years)

0000000000000 000

End of Data:

26,352 hours;

end of report study
period; NOAA-6 13
stil]l operasting.

Legend:

Oindtcuu that this anomaly is & failure, vhere failure 1s defined as the event that renders the subsystem and/or
component unusable.

A indicetes that this anomaly fs not a failure.

17" The apogee boost wotor 1s s one-shot device and has a normal lifetime of 24 hours.

236

at



ORIGINAL PAGE 18

PERPORMANCE STMMARY POR MOAA-6 UAL
(Cont inved) OF POOR Q
Time of Occurrence Time of
Sudbsystes and %_&% Occurrance
Asomslous Cowposent(s) Lsunch 10 10000 100000 Unknown
Payload:
3
o Advanced Very High [ L L )
Besolution
Radiocmster
o Microvave Sounding oossasugpasesan sosss ubhasay'\se 2
Unit
o Space Environment h----.ﬂ-.---*---.-----.-- .
Monjitor
Total Energy :
Detector
Design Life:
17,520 hours
(2 Years)
End of Data:
26,352 howrs;
end of report study
period--NOAA-6 1is 4
still operating. ;
E
1
Legend:

O {ndicates that this snomaly 1is a failure, where failure is defined as the event that renders the subsystem and/or
component unussble.

A indicates that this snomaly is not a failure.

PRI, oo
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ORIGINAL PAGE IS

PERPORMANCE SUMMARY POR NOAA-7 OF POOR QUAL'TY
Tims of Occurrence Tiee of
Subsysten and rs from Lesunch Occurrence
Apomslous Componsat(s) Leunch 10 — 10000 100600 Unknown
: —_—
Basic Spacecraft: i
:
o Attitude Determins- et 11 LT L DL DL
tion and Control f
Barth Sensor Il.. !
Aseesbly i
.i i
Solar Array .-‘
Drive Electromics §
3 :
o Power SeeDmY.Seuulnm L 1 1 IIIIIIIIIIIII‘
o s 1
o Reaction Comtrol ST ANDaneESPEsaEnED --.--; :
i
Gaseous Nitrogen - :‘: 3
Systen ¥
1/ ;
o Apogee Boost Motor— na----?-nn i
3 H
o Cowmand and Control ------t—------ senserNeebusead 4
$:
o Dats Handling Yy o L D (1 1 [ ] [ ] ---.d;
Dual TIROS prp—— :
Information ﬁ
Processor
Digital Tape - o ue 5 VD 6B D ' @ L)
Recorder #1
Digital Tape L 1T T T :
Recorder #2 ;
;
Digital Tape P U GD ED @R 01§ : ‘
Recorder #3 : 1
Digital Tape E
Recorder #4
Digital Tape - ws S 42 Gb 6D a3 ¢S b . . 1
Recordar #5 k
o Communications ’-------hnnnnnnﬂunnnnn- ---n-ud.' i
! .
H . q
o Structure eesanafeEnESENEEEEREARTaanES ] }
H ]
o N
o Thermal Control P ———— T L L DL DD DL ) :
Pavload: § ;
o Advanced Very High b------ Yt T r T ----ﬂ-t i
Resolution Radiometer ! ;
s 1
o Stratospheric T LT L DL DY Ll L1 L AL 1 1 J ----‘be
Sounding Unit H
L3
e
° ::::W"' Sounding oesesssdrecRaSENaESEES epp—
- !
F
End of Data: : ;
. 4

8,928 hours,

end of teport stucy !
period--NOAa-7 {s ‘
still operatiny. '
Design Life:
17,920 hours ‘
(2 Years)

Legend:

(:) indicates that this snomaly 1s & failure, vhere failure i3 defined as the event
component unusable.

that rendsrs the subsystem and/or

A indicates that this anomsly 1s not & faglure.

boost potor is & one-shot device and has » normal lifetime of 24 hours.

A
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PERTORMANCE SUMMARY

FOR NOAA-~
(Cont inued)

ORfG'NAL P
ACGE 19
OF Poor QUALITY

Time of Occurrence Time of
Sudbsvstewm and (Mours from Leunch) Occurren. e
Anomalous Componen: (s Launch 10 100 1000 10000 160000 Unknown
(Peyload, continuved)
o Wigh Resciution
lnfrared Sounder
o Dsta Collection
System
o Space Envirrtment
Nonitor
o Instrument Platiorw
Sunshade 1
i
kno o! Data:
8.9 8 houts,
oend of seport studh
perind- -NOAA-" 3»
“1311 operat ang.
Desigr liie
17,800 hours
to Years)
Legrs

this anomalr

O inti.ates that

componert unusatle

A indicates that

this anomal:

i1» 8 tailure, whetr

18 not e fatlute

failure 3s detined as the event

~
(V3]
'y

that renders the subsistes and 1




Subsystes and

Ancmalous Component (s)
Besic Spececraft:

© Attitude Control
Subsysteas (ACS)

ACS Module
Inertial Reference
Unit

Magnetic
Torquer f#1

Magnetic
Torquer #2

Magnetic
Torquer #3

Magnetic
Torquer #&

Magnetic
Torquer #5

Magretic
Torquer #6

Reaction Wheel
Assemdly--Pitch
Whee!l

Reaction Wheel
Assemblv--Yaw
Wheel

Reaction Wheel
Assembly--Roll
Wheel

Reaction Wheel
Assently--Skewed
Wheel

Attitude Contrcl
Electronics

Frss?/ ¢
FPss o2

FPSS #3

o Power

Power lodule

o RF Syster

legend:

O indicates that this anumaly 1s 8 feilure, where iajlure 1s defined as the event thet renders the subsvster and/cr
component unusable.

ORIGINAL PAGE IS

PERFORMANCE STRMARY FOR SnM OF POOR QUALITY

Time of Occurrence Time of
(Bours froe lLsumch) Occurrence
Leunch 10 1 1 16000 106000 Unknown

I------*--'

LY L 1T 1 T 1)

—

oy
[ LT T T .ﬁ..qb

NI

< A

Aindkue. that this anomaly is not & failure.

FPSS o Tine Pointing Sun Sensors

End of Data:

12,768 hours;

¥ s no

longer vesipr Life:
orelaling. 17,520 hours

(2 Yesrs:
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-

Subsysten and
Amomslous t(s

(Basic Spacecraft.
coat inued)

o Commend & Deta
Sandling Module

ﬂACCl/ Spscecraft
Clock #1

STACC Spacecraft
vlock #2
onc?’

O08( Memory
Module ¢1 - 06

Telemetr: Tope
Recorder 41

Telemetry Jape
Recorder #0

lIA\’>2 / Tape
Reccorder

¢ Thermal Centrcl
c Structure
Pavical:

o Coronagraph/
P-olarimeter

o Ultravicle:
Speitrometer.
Pclarimeter

o Scfe X-KRav
Pclvchromater

¢ Hard X-Ra. Iwmaging
Spectrometer

Haré X-Rav Burst
Spectrometer

el

Active Cavity
Raziometer

n

Legend

indicates that this ancmaly is a failure, wvhere failure ¢ cef{ined a3 the event that rendcrs the subsvste~ o’

component unusable .

N

PERFORMANCE SUMMARY FOu $104
(Continued)

Time of Occurrence

[ gt o i

ORIGINAL PAGE IS
OF POOR QUALITY

Time cof
Occurrence

(Wours froe Leunch)
Launch 10 100 1000

IIIIIlIIII‘LIIIIIII.IIIIIll*
- oy

10000 100000 inknown

+ —aps

p

v\
i & 4

e DS IIIIIIIIIIIIIII‘IIIIIIlllllll‘llllllllii

|

-----4---.---4.----@..-.--

------ﬁ------- -QM*---

------‘------- . sesa\ssseyyss

i H

; i
! H

IIIIIIIIIIIII‘IIIIIIIIIIllllilllllIllllllllillIlllllllllll1l

! I q

fnd ~f Dat

12,768 hours

M 18 no
longer
operating.

AL A

ALL

Desicr Life

17,82 nours
(0 Yeots

D indicates that this anomsls 1s not 8 faslure
STACC ® Standatd Telemstry and Command Components

]
3
;
»
i

« OB e On-Boatrd Computer

3. WAC o Nig' Altitude Obtservators
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Subeysten and
Anomslovs t (s

Sesic Spacecraft:

o0 Attitude
Betermination and
Antemas Coatrol

© Auxilisry
Prepulsion

© Apogee boost lbtor-”
© Power

© Telemetry & Command
© Communications

$~Band
Transaitter #]

$-Band
Transaitter #2

$-Band
Receiver f1

$-Band
Receiver #2

UHF Transsitter ¢#)
UHT Transmfitter #2
UHF Receiver f)
UNF Receiver 12

© VISSh: Digitsl
Multiplexer

Payliocad:
o VISSR

¢ Space Environment
Menitoring Systen

Magnetic Field
Moniter

Legend.

PERPORMANCE SUNMARY POR S¥S-}

ORIGINAL PAQGE 18

Time of Occurremce

OF POOR QUALITY

‘ . Time of
n 5 s from Launc 55 Occurrence
---.-h-.-..--.-.-4--—
L-... .-..-7--...-p.-.-.-ﬂp--ﬂ
[ ] 1 ]
-
-
:?4
Orechas.
p==0
-
h--------------.---------.----1‘--—.‘
.-.--1------- sssaefs ---qﬁpﬂ---u-ﬁ Ay
aansespessensEssansan -------T -.-4
b l LA
i
Design Life:
17,520 hours
(2 Years) End of Dats:
55,752 hours, SM:-)
deactiveted.

O indicates that this anomaly 1s & fatlure, vhere failure 1s defined ss the event that renders the subsystes and.cr

component unusable.

A indicates that this anomaly ts not o faflure.

1/ The apcgec boist Bot~r 18 & one-shot device and has o normel lifetime of 24 hours.
2/ VISSR e Vigable Infrared Spin Scan Rediometer.
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N

Rl

TS Y A iwae

Subsysten end

PERFORMANRCE SUMMARY POR $MS-2

Time of Occurrence

ORIGINAL PAGE IS

OF

POOR QUALITY

Tise of
Occurrence

Ancmslous Cowpooent(s) Launch 10

Basic Spececraft:

o Attitude Determine-
tiom & Antenns
Comtrol

© Auxilisry Propulsion

Thrusters
o Apogee Boost Motord/
o Pover
Solar Array
Battery
o Telemetry & Command

¢ Communications

S-Band
Iranamitter ¢l

$-Band
Transcitter #2

S-Band
Receivar ¢!

S-Band
Receiver #2

UHF Transsitter #!
UHF Transmitter #2
UHF Receiver #]
UHF Receiver r2

c VISSk=‘ Digital
Multipiexer

Pa-lcad:
c VISSR

o Spe.e Envircnment
Momatoring Svstem

Magnetic Fileld Monfi.:r

legend:

|
l

P--.-

mossas

(Bours fros Launch)
1 []

IIIIIIIIIII’IIIIIIIIIIIIIQIIII

10000 - 100000

o0

———

----.-b------?-----

n-df -

Unknown

-mn--.u-our_ A

00!

> b

-

-

...--T----m-------&---....

aeesnen ------‘------1------

- o oot

.

-

i

i

-

=
-

i

b---------.----.-------------------

L-------i-----.—------ . ------1}@0
L.-----*-------------d-------.----f

-

_;F‘-
|

- J—

--O

Design Life:
17,52C hours
(2 Years)

End of Data
$7,260 hours e
of vreport s:

period--SMS-. .
standdy statue.

(:) indicates that this snomalv 1s o fatlure, where faslure 1o definec ss the event that renders the subsviter and cr

component unusadle.

[& indicates that this snomsly is not & fajlure.

17 The apogee docst motor s & one-shot device and has o normal Jifetime of 26 hours.
2/ VISSR o Viseble Infrared $pin $can Radiometer.
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PERFORMANCE SUMMARY FOR TIROS-N ORIGINAL PAGE IS
OF POOR QUALITY

Time of Occurrence Time of
Subsystes and - (Mours froe L.unch% Occurrence
Amomslous at (s Launch 10 100 10000 166000 Unknown

Basic Spececraft:
o Attitude Determina- *—-.—.. sssssssg\y'suss
tion and Comtrol

Inertisl -
Measurement Unit

20000000

Earth Sensor ---J - -
Assemdbly

Reaction Wheel -l
Y=

Assembly--Yaw

Reaction Wheel :

o Pover OO HENSEOEEEEaEmEn L L H

k.

Bettery Pack 1A - D Y 15 G0 G5 {58 S G G 6D ¢ G 6 S G5 4B G 60 -

Battery Pack 1B b

Battery Pack 2A J

Battery Pack 2B

Battery Charge - C L L -
Assembly i
i
o Reaction Control PEONSOESEEEERISEaESeS L L L [ [ ] '
Hydrazine Systea - ‘
Thrusters :
o Command and Control f-..--. EBrOSEORPONESONDEONDED :
Central Processing J—- o\

Unit ]
Central Processing - L1 t T 1}
Unit #2
o Data Handling -----*------Q----..*-.-0-
i

*
L]
Digital Tape - .H'
Recorder 4] H :
: .
*
Digital Tape sesavcesaniypecscs 3
Recorder #2 ! 1
3 f
Digital Tape poasancde y
Recorder #) :
Digital Tape oo sine :
Recorder #4 ‘
:
Digital Tape L---___ rn-- i
Recorder #5 l 1
o Apogee Boost Motord/ P.-----’-- : 1
Design Life: 1
17,520 hours
(2 Years)
End of Dats: 4
20,800 hours; i
TIROS-N mission
terminsted due tc 1
inertis] messurement
wnit pover failure. ‘
Legend: 1
O indicates that this enomaly 1s » fatlure, vhere faslure 1s defined es the event that zenders the subsvster and/or 1]

component unusable.

A tndicates that this enomaly s not o fatlure

17 The apogee doost motor fs @ vne-snot device and has o norse) lifetime of 24 hours.
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ORIGINAL P
OF POOR GUALITY

Subsystes and

(Basic Spacecraft,
coutinued)

o Communications

°

$-Band
Transaitter #1

$-B3ard
Transaitter #2

$-Band
Transaitter #3

Command Receiver/

Demod #!

Command Receiver/

Demod #2

Structure

o Thermal Control

Ancwslous Component (s)

Thersal Control

Electronics
#1 - #30

Payload:

]

o

o

(=]

Advanced Very High

Resolution Radiometer

Stratospheric Sounding

Unit

Microwave Sounding

Unit

High Resolution
Infrared Sounder

Data Ccllection
System

Space Environment
Monitor

Total Energy
Detector

Instrusent Platform

Sunshade

Legend:

( > indicates that this anomaly is o feslure, where fotlure 1o
component unusabdble.

Gk

A Aaia et M S E T

i8S

- -

Time of Occurrence

(Mours froe Lsunch

Lauach

10

e e

PERFIRMANCE SMSMARY POR TIROS-V
(Continued)

Time of
Occu.rence

13000 156000 Unknown

| —

————td

]

1[

-

SRR S

R

Yot

IIIIIIIIIIllﬂlIIIIIIIIIlllllll#lllllllllIIIITIIIIIIII.:’I."I‘%

IIIIIIIIIIllllrlllllllllllllll

D tndicates that this anomaly 18 not » feflure
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Design Life:

defined os

reemnpenmenetd

s

17,520 hours
(2 Vears)

End of Data:

20,800 hours:

é TIROS-N mission
terminated due t.
tnertis] messuremen:
unit power failure.

the event that randers the subsister anc '.r




Subsystes and

Anomalous Componest(s)
Sasic Spacecrafte:

© Attitude Control

lafrared Morison
Scenner

o Orbit Adjust
Propulston

© Power

$l4p Ring Brush
Assemd ) v

2

Ascent Guidance

-

Therma! Comtrol
v Telecommunications

S- Bend
Transponder

Tape Reccorder 0]
Tepe Recorder ¢

Nousekeeping
Telemet 1y

Pas lcad
o Radat Altimeter

S Microwave
Noatteroveter

S Moanning Mulei-
Channel Microwsve
Radio~e ot

T \inthet:s. Aperture
Radar

Dovnlink
lrans~itter

cVisitle & Infrared
Radiomer ot

Legeny

component unusabdle

13 Indicates that this anosals 1o not o fatture

PERFORMANCE SUMMAPY POR SEASAT

Time of Occurrvencs

{

Launch 10

S S—

ORIGINAL PACE 1:,
OF POOR QUALITY,

ime of
o £ h Occurrence
100 1000 10000 100000 Ynknown
[ 1 1 [
- A

»------T-------#----

LD LT T -..-.-1-.---

e

R

*---

# gy S

4’------?-------

’IIIIIIIIIIII aseaas

poasaasse ---.---*------

|

L L 1 T 1 1 -----‘-' --b-- -

‘---.--- kel LD L DL L L L

i

rea

sea\eas

“...l.“

.

Resoense.

ss»aede

Ind of Data:
2,820 hours;
SEASAT mission

tatled.

(:) indicates thet this sncmaly ts o fatlu e, where faslure fo defined as the ov

Desiyn life
8,780 hours
tl Year®

ent that renders the subs ster an: .1




Subsvetes and
N .

Besic Spacecraft:
o Attitude Contrel
o Power
Battery ¢l
Bettery 00

¢ Commnd and Dats
Nand ) ing

Taps Recovder 1
Tepe lecotdetr 80
¢ domunicatons
- Thermal Conttod
& Ntrunture
Yavicas
o Obsetvateny Wdule

1 2 -mtornen
Spe. ttometet

;'if"-

O irdy. ates that this ancmals s a fatlure,

o patent unusat e

\

PERFURMANCE SUMQWARY FOR S\t

Tiwe of Occurvence

Launch 10 100

ch)

ORIGINAL PAG
E (3
OF POOR QuaLITy,

(\SN wnnu

1000 10000

i

A tov..ates that thie anomaly s Mt @ farlure

247

fnd of Date
101 %W houvs,
end of rveport

10000 Lnkpown

Pestgr aite

study pericd--
MY ts etill
cperating

vhete tatlure ts defined ae the erent that

17,000 houte
1 Years?

tendets the subsiste’




Subsysten and
Ancmalous Component (s)

Basic Spacecraft:

o Attitude Control
Canopus Trachsr

o Communications

HET R UPORmIR J RN

$~-Band Radio
Assembly Receiver

hEL) RERE

s$-3and Radio
Assemdly TVT Amps

Lt

ORIGINAL PAGE 1S
OF POOR QUALITY

PERFORMANCE SUNMARY POR VIKING ORBITER 1

Time of Occurreace Tise of
s fzom Launch Occurrence
Launch 10 1 — 10000 100000 Unknaown
IIIIIIII;IIIIIIIIIIIII
[ 1 1 J A
sans Al
~ A

X-Band Transaitter
- o Articulstion Control

High Gain Antenns
Actuators

AR

Cone Actuators

o Computer/Command
General Purpose
Computer with
Plated Wire
Memory

o Flight Data

FLIERE

o Datas Storage
o Power
Sclar Panels

30 vdc
Converter #!

30 vdc
Converter #2

o Pvrotechnic
o Tewperature Control
o Propulsion

Pressure Control
Assenmbly

Propellant Tank
Assemdly

A ]

Legend:

LR B |

i

component unusable.

P

O indicates thet this anomaly e o failure, where fetlure 1o

oon AALA
r------ P LTt L LU DL LD A
ety LT UL T
L-------‘p---.-- YL LT
- _‘I A
Ya¥

assssshasscasumsssaas

------L-------?------

- -

l

Design Life:
11,088 houre
(15 Months)

nd of Deta:
42,936 houts;
Viking Orditer 1
doactivated.

defined s the event that rendere the sudbsystes and/or

£\ indtcates that this enomaly 1s sot a fatilure.
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ORIGINAL PAGE IS
PERFORMANCE SUMMARY POR VIKING ORBITER )
proditeiA; OF POOR QUALITY
Time of Occurrence Tise of
Subsystes and {Bours from umh% — — Occurrence
Amomalous ot (s Launch 10 100 [1 10000 100000 Uaknown
Payload: l
© Visual lmaging vy ettt T T - C L
risesl - wangry --‘ AAA
© Mars Atmospheric [ 1~ 11 L 1 - [ [ [ | I [ [ T ] 1 0 3 A
Vater Detector ; ‘
o Infrared Thermal mEmme SEaes - D S A
Mapper ‘
Design Life:
11,088 hours
(15 Months)
End of Dats:
42,936 hours;
Viking Orditer 1
deactivated.
Legend:

O 4ndicates that this snomaly is a failure, vhere failure 1s defined as the event that renders the subsystes and/or
component unusable.

A indicates that this anomaly is not a failure.
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Subsystea and
Amomslous t

Besic Spacecraft:
o Communicatiocns

$-Band
Transponder 1

$-Band
Transponder 2

High Gain Aatenns,

$-Band

o Dats Processing

Data Acquisition

and Processing
Unit

Tape Recorder
o Power

ITOl/ 2

RYG #2

Batteries

Valve Drive
Anplifier

o Guidance
o Deceleration

Deorbit
Propellant Tank

o Surface Sampler
Instrument

Payload:
o Lander Cameras

o Lander Biology
Instruments

o Gas Chromstograph
Mass Spectrouster

o Meteorology
Instrument System

o X-Ray Fluorescence
SJQC tromseter

legend:

PERFORMANCE SUBMARY POR VIKING LANDER 3

Time of Occurrence

Launch 10

%ﬂ from Lauach)

e S

ORIGINAL PAGE 18

OF POOR QUALITY

Time of
Occurrence

10000

H
rc - - o -
b G

EEAONSgRIOOnERENESNen

-
ST 1Y --.dg
o

mmse - ﬁ L 4
SEsEsspssssassEssssee SasessNPaens:

------.-ﬂ-------.----‘----

O indicates that this anomaly is & failure, vhere

component unusadle.

A indicates that this anomaly 1s not s failure.

I/ WTC = Radioisctope Therwoelectric Generator.

SESESOASlusasNESeSaERan
------*------ﬁ------

NS asPEEasnagaean

-------r-.--...-----

&

------¢------ ' -----7412----.:

Design Life:
11,099 hours
(15 Months)

100000 Uaknown

AA

End of Data:

63,816 hours;

end of report

study period--Viking
Lander 1 {s stil}
operating.

fatlure is defined ss the event that renders the sudbsystes and/or
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ORIGINAL PAGE i3

PERPORMANCE SUMMARY POR VIKING LANDER ) OF POOR QUAL,TY

(Cont {nued)
Time of Occurrence Time of
Subsystem and ) {Bours from Launch) Occurrence
Launch 10 100 1000 100000 Unknown
(Payload, continued)
¢ Seismometer UL I [ [ Ll 1 [ UL [ [ ] L
o Upper Atmosphere L L [ 1 ] asEsnes Ll T T Ll L [ [
Nass Spectrometer
o Retarding Potentia) Ll T ] UL [ [ T ------QB--..-
Amplifier !

Design Life:
11,099 hours
{15 Months)

End of Lata:

63,816 hours:

end of report

study period--Viking
Lander 1 15 gt1)]}
operating.

Legend:

(:) indicates that this anomaly is a failure, where failure is defined as the event that renders the subsvster and or
component unusable.

A indicates that this anomaly is not a fajlyre.

251

. i i o ol




ORIGINAL PAGE 18
OF POOR QUALITY

PERPORMANCE SUMMARY POR VTIKING ORBITER 2 V

Time of Occurrence Time of
Subsystes and (Nours froe Launch) Occurrence
Apomalous Compovent(s) Launch 10 100 1000 130000  _ Usknown
i
Basic Spacecraft:
o Attitude Coatrol B [ 1 Lo
Bsaction Control
Aseens iy
Crncpus Tracker | = - AA
o Communications L.-- L L L L [ [ 1 [ | A A
$~Band Radio
Assemdly A
Receiver #1
- S-Ban/ Qadio g
Assembly
Receiver #2
X-Band Transaitter - - S T #
ie
S/X-Band Antenna - lm*'
Subsyster--ligh
_ 3 Gain Antenna
Orditer Relay L: [ g
Systes--Relay A
Radio Sudbsystem
Otditer Relay - wme g
Sysitsm--Relay A A
Telemetry
Subcysten
o Articulstion Control ------.------:t------n------* 1
o Computer Command [ 1 1 1 1 |} -------,---.----..-- 1
o Flight Data L 1 1 | --.----‘-----.Q------ A i
i
o Structure .-----q--.----q-----.-----.-. j
o Pover r--.---‘-..----.-.-----.-----
Solar Panels l - D O ED 65 fo GRS D GB U S R W [ A
30 Bdc Ccnverter - Oh G GD YR 8 G G G €GB R OR OB G OB 5N G b 66 0P AP D T OB G a8 ¢ A
L
400 Mz Inverter aearnye & 1
o Pyrotechnic -----..-------.-n-.-- -t [ [ 1 ] s 1
L4
o Temperature Control SONEESNEoERRARGaRNnNBN L 1.1 [T € )
- ! ! 3
o Propulsion t------d------- (L L1 1] T 1 1 1]/ [
] i
Pressurant Control T T - e L
-o- Assembly
o Cabling L----a- LI L LD DL TP T 1T 0117
Design Life: i
11,088 hours ]
(15 Months) 1
End of Deta: 1
24,936 hours; b
Viking Orditer II was
shutdown due to
depletion of gas. 1
legend:
\
O indicates that this anomsly 1s & failure, where failure 1s defined as the event that renders the subsystes and/or
component usueadle.
A indicates that this snomsly e not s fatlure.
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ORIGINAL PAGE IS
OF POOR QUALITY

PERPORMANCE STIBMRY POR VIKINC ORBITER 2

(Cont inued )
Tiae of Occurremce Time of
Subsystes and (Bours from lLaunch) Occurrence
Anenslous t(s Laamnch 10 100 1600 10000 100000 Unknown

(basic Spececraft,
continuad)

© Dsts Storage

Pigital Tape
Recordexr A

Digital Tape
Becorder B

AL

Payload:

o Visual lesging
Systes

o Mars Atmospheric
Water Detector

o Infrared Thermal A A A A
Mapper
Design Life:
11,088 hours
(15 Months)
End of Date
24,93 bhours;

Viking Orbiter 11 was
shutdown due tc
depletion of gas.

Legend:

O indicates that :his anomaly 1s a failure, where fallure is defined as the event that renders the subsystem and cr
component unusable .

A indicates that this anomaly is not & failure.
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Subsystea and

Ascuslous at (s
Besic Spececraft:
© Cemmunications:

$-Band
Treasponder 1

$-Band
Transponder #2

URF Trensmitter
VT Amplifier #.
VT Asplifier #2

o Deceleration
Bioshield

o Power Surply
Batteries
Power Conditioning
& Distribution
Assemdly

o Cuidance

Terminal Descent
Landing Radar

¢ Surface Sampler
Instruments

Surface Sampler
Control Assembly

¢ Data Processing
Tape Recorder
Dats Processing
& Acquisition
Unit

Pavload:

o lander Cameras

o Lander Biologv
Instrument

Legend:

ORIGINAL PAGE i
OF POOR QUALITY ;

PERPORMANCE SHBMRY FOR VIKING LANDER 2

Time of Occurreace

Time of
Occurrence

Leunch 10 ‘Jﬁg'hgigﬁa 10000

....O.v1 r..

P“.-“..-—-.‘-----
* i

i :!
-------h------—-----u----m

i

|

|

i

f

1 - a ° H
t! : : :

®

-------r-----.-------u-—--w
b------‘------n----m-----.&n

Design Life:
11,088 hours
(15 Months)

165000 Bakaown

AL

AL

End of Dets:

39,550 hours;

Viking Lender 1]
aission terminated due
to failed computer.

O indicates that this anomely 1s & failure, where failure is defined as the event thet renders the aubsystes oud/or

component unusable.

D indscares that this enomsly 1s pot & feilure.
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1l

e etisin S NI |

(Paylesd, coutiswed)

e -y Fluotesceace
fSpectromster

o Seismomster

o Uppar Atmwephere
NMase Spectremster

o Retardiag Potestisl
Asslyser

o Cas Chromstograph
Mass Spectrometer

o Meteorology
Instrument System

legend:

Oxndxcau- that this anomsly is o failure,

component unussble.

AT ~
PERFORMANCE SBOMRY FOR VIKING LANDER 2 CENAL PAGE 13

(Cont iaued) e cLUR QUALITY

Tims of Occurreace Yime of

(Bours fros lowsch) — Occurrence
10 160 1600 10000 160000 Ueksown

Design Life:
11,088 hours
(15 Months)

Ené¢ of Dets:

39,550 hours;

Viking Lander 11
sission tersinated due
teo faileé computer.

where failure 1is defined as the event that renders the subsystes and/or

A\ ivdicates that this ancmaly 3s mot s failure.
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ORIGINAL PAGE IS
PERPORMANCE SUOWURY FOR VOTAGER | OF POOR QUALITY

Time of Occurreace Tiwe of
Subeystes and %n from Lawnch ] Occurrence
Amomslcus t(s) Lauach 10 iﬁ% 10000 — 100000 aknown
Basic Spececraft:
o Attfitude &

Artsiculatios Coatrol AF-T“_?OW i
Cenopus Star 1}
Tracker £} [
Canopus Ster n..u_.+- - ;
Tracker #2 |
Pry lsertial
Reference Unit :
Cytos ,

o Pover - aenee oesses ,;
H :
o Flight Detas L L 1 COSSeNPUSoNeeNerasnEE . '
L3
3
Mewor i c
ries Lo -.ﬁ-- -%:
Timing Logic Lait *+q.
) H
$
Timing Logic Unit -
”? H
H
o Radio Frequency P---.T-..-.--r------I-.---. :r
Antenns Comtrol/ eoses 4 -y
Integration Unit !
.
o Modulation/ -.----F--.---- (rrrrrrrrrr i 1} -:*
Demodulation ;
[
o S/X Band Antenns asosospsessssssssensisansnsanandat
H [ 3
[ 3
X-Band Feed Morn l £ 1 1 1 T3 %
» i .?Q
o Dats Storasge L 1 1 1 1 1] .--..-.I-----. ¢ 1 1 1 1 1] -.”
1 .
¢ Computer Command sesssshossssssfasssssdeasnnanhondpat ‘

Subsvstes (CCS)

H

.

:
CCS Unit 4] Y =~
Processor Unit
€Cs Unit 02 ¢
Processor Unit

Propulsion (T 1 1 10 1 0 [ 1 1 1]

o

Pyrotechnic Y r 1 0 2 1 1 [ 1 ]

© Tempersture Control (LD LT DL LD L] csossssspaspad
o Structure rrrrrooe e e el ot L [ [ [ [ T ] | ..* ‘
L3
.
$can Platfors - o o o 6 6 G G G 6 OB 6D Gl 4P & 6P D & & ----&- -q- i
L] *
$
b
H
H
Deeign Life: H
26,280 hours i End of Deta:
() Yesrs) 3 43,912 hours,
! voyeger 1 ta st4l)
opersting.

Logent.

O indicates thut thie snowsly 1s o fetiure, vhere fatlure 1s defined o8 the event that rendere the osubsvetes snd/ot
couponent unussble.

A indicates that this encesly s not @ fetlure.
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PERFORMANCE SUNOURY POR VOTAGER | ORIGINAL PAGE IS

(Cout 1nusd) OF POOR QUALITY
- Time of Occurreace Tian of
Subey .}
Em_:f&_-eﬂﬂ Lawuch 15 1 — 10000 150000 m
(Sesic Spacecraft,
coatinued)

o Machanicel Devices

o Prepulaton
Module

Payloed:

o Plametery Radso [ [ . [ ]
Astrosomy

o Dlasms Vave [ 1

© Nagmetomster L1

o Coemic Ray [ 1 U 1}

o Lov Esergy Charged [ L 01 1
Perticle

o Plases [ [ [ [ [ [ J

o lmeging Science

a2

Photopolerimeter

Filter Vheels

o Ultreviolet ey e r UL L L L L (111 1 1./
Spectromster
o lafrared lnterfercaster GHOHBHB® aoueess ey L L D] L A
$Spectromster end
Rsdiometer
| Design Life:
26,280 hours Sad of Deta:
(3 Years) 45,912 hours,
VYoysger | ts still
opetrsating.
|
|
Legend:

Olndiulu that this enomsly is o feilure, where fatlure is defined as the event that renders the subsvstes and/.:
component vausable .

O 1ndicates that this anomaly ts mot o fatlure
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Subsysten and
ous t(s
Besic Spececraft:

o Attitude &
Articulstics Cemtrol

Casopus Star
Tracker #1

Canopus Star
Tracker #2

wrracst/

EYPACE Usit #2
o Power
o Flight Dats
Memories

Engineering Trees &
A/D Converter §)

Zagineering T.oes &
A/D Converter #2

o Radic Prequency

Radio Assembly #!
$-Band Traaspouder

Alternate Radio
Assembly

Transponder Control
Assesbly-~Antenna
Coutrol/lategration
Unit

o Modulation/
Demodulation

o $/X Band Band Antenns
o Dats Storage

o Computer Commend
Sudbsysten (CCS)

ccs 0
ccs 02

o Propulsion

Legend:

ORIGINAL PAGE IS
OF POOR QUALITY

PERPORMANCE SUMMARY FOR VOYAGER 2

Iime of Occurresce

Launch

Time of
Occurresce

%&&%

10

15500

wadpane
sssssstssanasspassssapesesasyas ;
‘:‘ oalee,

LA LA -

rrr 1t 1t 11 1 1 I} L L L L e ]
[ttt It 1 1 1 1 1 1 L2 L 0 g I 1 11 @ 1 [ [ 1/
( v r 1 L L L g L L :
- -

o=
oneaess

PSS EANYESNOSaREEe NS NNE

Design Life:
26,200 wours
() Years)

158000

Ead of Detes:
46,296 hours;
Voyeger 2 s still
operating.

O fadicates that this snomsly fe & fellure, where fallure is defined as the event thet rvenders the ovbsystes snd/or

component vavsable.

D snascores that ehte snously e sot o failure.

I7 WYPACE = Wybrid Progreamable Attitude Control Electronice.
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e e et

PERPORMANCE SUMMARY FOR VOYAGER 2 ORIGINAL Par « .

(Continued) !
OF POOR QuaLfry

el A L

Time of Occurrence of
Subsystes and rs from h Occurrence
lous t(s Launch 10 Unknown i
t
(Basic Spacecraft, !
coatinued)
o Pyrotechaic [ 1 [ L .t 0 [ L I 1  [.] (1 [ [ 1 |
Pyro Switching - -
Oait #]
Pyro Switching - n-#-—-
Omit 2
o Tempersture Coatrol (et L L L
o Structure aeeeen L L L 1 1 L 1 [ 1 1 [ |
Scan Platfors -
o Mechanicsl Devices L L 1 L1 [ 1 | ------J;-----
Science Boom
Deployment
o Propulsion Module [ [ [ [ 1 ] [ [ [ [ ] | ------*-.---- J
Payload:
o Planetary Radio OO EDPeEOESODePLeSLEEDN DGO EEE
Astronowy
o Plasus Wave [ 1 1 1 [ [ | ([ 1 1 1 ] L Lt 7 1 1 J 1]
.
© Magnetosster ryrryry 3o ;e e Lt L 0t ] -‘.
L3
o
o Cosmic Ray (R Fppepp—m—— p———— P -4-
L
Electronics | Sy Qpup— -ﬁv
Package = H
*
bl
o l'-ov Energy Charged i-------r------- PESHENeEanSun --.:.t*
article H
.
.
Electronics - nesesecmn\seeas -q-'
Package
o Plasas crrr gttt Lo fIrr it 1L
o Ilmeging Science L L [ 1 [ [ |
o Photopolarimeter DO OEEETRPODOOEEe
Electronics - S5 G G5 ED @ b ¢ 5 @ 6 6D 6D 6B -é--- b----
o Ultraviolet SeSNSEPENEeAEERooNaEslssanss
Spectrometer
o Infrared Interferometer OO0l aERABEGSReOEE --o.—
Spectrometer and
Radiometer
Desipgn Life: Bnd of Date:
26,200 bours 46,296 hours
(3 Yaars) Voysger 2 1s still
opersting.

Legend:
6:“:-"- thet this snomsly e & fatlure, vhere failure 10 defined as the event that renders the subsystes and/or
component unusadle.

O indscates that this anomaly fe not & feilure.
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APPENDIX C-2

SUBSYSTEMS

PRECEDING RAGE BLANK NOT FILMED
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